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Abstract
Th e knee joint is the joint most frequently aff ected in juvenile idiopathic 
arthritis (JIA). Animal and human knee models have demonstrated increased 
epiphyseal circulation and cytokine-mediated growth plate stimulation 
with induced chronic arthritis, especially in the distal femur. Most authors 
recommend one to two years of active non-surgical treatment of knee 
arthritis before operative removal of the infl amed synovium. Despite 
recent advances in anti-rheumatic medicines, JIA is still associated with 
growth disturbances, especially leg length discrepancy (LLD) and knee 
valgus deformity (KVD). In the context of surgical treatment of LLD or 
KVD of a growing knee, the less invasive procedures during childhood (e.g. 
metaphyseal callus distraction, epiphyseodesis and temporary epiphyseal 
stapling), which allow immediate mobilisation, are superior compared to 
conventional osteotomies. Establishment of the skeletal age and the growth 
and correction potential in the knees of rheumatic children is diffi  cult due to 
rheumatic changes. It is thus only rational that the means to correct growth 
disturbances be fl exible when treating these conditions. In this present work, 
a thorough analysis of the effi  cacy, safety and long-term results of temporary 
epiphyseal arrests performed in Rheumatism Foundation Hospital (Heinola, 
Finland) during 1956–99 was conducted.
Th e distribution of diagnoses among children (n=71) with JIA and LLD 
(68 knees) was consistent with the normal oligoarthritis-predominated 
population of children with JIA. A higher male:female ratio (1:1.7 vs. 1:2.4 
in population-based studies) and earlier mean onset age (4 vs. 7 years in 
population-based studies) were, however, distinct features in the study 
population. In most cases the correction was reliable and temporary arrest 
produced a mean correction of 1mm per month. Th e time of arrest required, 
however, varied signifi cantly, probably due to the eff ect of underlying diseases 
and medication, and the age of the child. All complications encountered 
(10%) were minor (superfi cial infections, incorrect staple positionings), 
and the majority could have been avoided by using proper perioperative 
fl uoroscopic guidance. In addition, one case (1%) resulted in notable over-
correction. Th e correction achieved persisted in long-term follow-up, but 
the possibility of new disturbances was also present.
KVD (n=112, 177 knees) was associated with a high proportion of 
polyarthritic disease subtype (45% vs. 12–31% in population-based studies), 
and the male:female distribution was grossly female-dominated (1:4.9 vs. 
1:2.4 in population-based studies). Th e early mean onset age (3 vs. 7 years 
in population-based studies) was also notable in this cohort. Successful 
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correction was achieved in 2/3 cases and the mean angular correction was 0.7 
degrees per month. Th e required time of arrest, however, varied considerably. 
In 13% of knees the paucity of follow-up visits resulted in over-correction 
to varus. Th e complication rate (3%) in the knees operated for KVD was 
considerably lower compared to ten per cent in the management of LLD. 
Th is may have resulted from the lower number of staples used in treating 
valgus deformity, or from a shorter stapling time. Most of the complications 
related to epiphyseal stapling were reversible. However, the risk of premature 
closure of growth plates does exist, as one encountered case demonstrated. 
Th e number of over-corrections was notably high, with 13% knees turning 
to varus. Th e continued use of glucocorticoids or cytotoxic agents had no 
increasing eff ect on the number of complications. Th e correction achieved 
persisted in long-term follow-up.
An algorithm for the follow-up and management of leg length 
discrepancy and knee valgus deformity in children with JIA is proposed 
in the discussion.
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1 Introduction
Juvenile idiopathic arthritis (JIA) – also known as juvenile chronic arthritis 
(JCA) and juvenile rheumatoid arthritis (JRA) – a chronic form of arthritis 
fi rst described by V. Cornil in 1864 (according to Eyring and associates, 
1971), has protean manifestations. It can begin as a fulminating systemic 
disease like that described by George F. Still (1897); it can have a polyarticular 
onset similar to that observed in adult arthritis; or it can present as a single 
joint disease which may or may not progress to polyarticular arthritis. It 
is characterised by infl ammation of the synovial joints and other synovial 
structures such as tendon sheaths and bursae. Th e cause of the infl ammation 
is unknown and no known curing agent has been found. Th e disease process 
itself compounds these problems by its unpredictability and extra-articular 
involvement; physical and psychological aspects of a child’s growth into an 
adult may be distorted. 
Th e course of JIA varies greatly from patient to patient, and is characterised 
by a tendency toward spontaneous remissions and exacerbations. In some 
instances the arthritis clears completely or remains confi ned to a few joints, 
causing little impairment of function. A contrary course with relentless 
disease activity leading to invalidity and even to death is also possible. Th ere 
are diff erences between JIA subtypes with regard to variation in the course 
and outcome of the disease (Wallace and Levinson, 1991).
A high frequency of unilateral knee joint involvement (60–70 per cent) 
early in the course of thedisease is a distinct feature in all subgroups of JIA 
(Ansell, 1977). Leg length discrepancy (LLD) and knee valgus deformity 
(KVD) are complications of chronic arthritis of the knee (Wallace and 
Levinson, 1991; Ansell, 1970). Th is suggests that arthritis has a great potential 
for stimulation of the two epiphyseal growth plates at the knee.
Compared to conventional osteotomies for deformities, the less 
invasive procedures during childhood (e.g. metaphyseal callus distraction, 
epiphyseodesis and temporary epiphyseal stapling), which allow immediate 
mobilisation, are clearly to be recommended. Metaphyseal callus distraction, 
fi rst introduced by Ilizarov (1969), has gained wide acceptance in bone 
lengthening or correction of axial deformities (Bell et al., 1992; Schlenzka 
et al., 1990; Dal Monte and Donzelli, 1987; De Bastiani et al., 1987). 
Phemister epiphyseodesis (Phemister, 1933) with its variations (Green 
and Anderson, 1947; White and Stubbins, 1944; Eyre-Brook, 1951) and 
temporary epiphyseal stapling (Blount and Clarke, 1949) have proved safe 
and effi  cient in controlling growth in primary and secondary leg length 
discrepancy and angular deformities (Zuege et al., 1979; Mielke and Stevens, 
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1996; Raab et al., 2001). However, studies on the use of these methods in 
children with JIA are scarce and small (Laine and Mikkelsen, 1968; Ansell 
et al., 1970; Simon et al., 1981; Arden, 1985; Rydholm et al., 1987).
At the Rheumatism Foundation Hospital (RFH), temporary epiphyseal 
stapling has been employd in the treatment of these conditions in children 
with JIA since the 1950s. In this series the aim was to assess retrospectively 
the safety and effi  cacy of the method, to review the relevant literature 
and to devise a possible algorithm for modern treatment of bone growth 
disturbances in the growing knee in children with JIA.
2 Review of the literature12
2 Review of the literature
2.1 Normal growth
Growth is a normal process of increase in size. From birth to adolescence, 
growth occurs in two distinct patterns (Figure 1). Initially, from birth to the 
age of about two, growth is rapid but decelerating (Schmid and Künle, 1946). 
Th ereaft er, the yearly growth in length is stable until the onset of puberty 
(Green et al., 1946; Green and Anderson, 1947; Green and Anderson, 1957; 
Blount, 1952; Tupman, 1960). Boys evince little diff erence from girls in 
height and growth rate during infancy and childhood. During adolescence, 
on the other hand, the growth spurt in boys occurs between ages thirteen 
and fi ft een and a half; a gain of ten centimetres can be expected in the year 
of peak velocity. For girls, this spurt begins at the age of about eleven, may 
reach nine centimetres in the year of peak velocity, and is almost completed 
by the age of thirteen and a half. Th e normal growth in length can best be 
correlated to the skeletal age and to the length of the body. Th e relation to 
the subject’s age is less defi nite. Changes in bone mineral content during 
pubertal growth are refl ected in simultaneous changes in serum alkaline 
phosphatase (Krabbe et al., 1980).
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Figure 1: Velocity of linear growth in boys and girls in cm/year.
2.2 Growth of long bones
In 1727 Stephen Hales (according to Trueta and Morgan, 1960) noted 
that long bones grew in length only at their extremities. Endochondral 
ossifi cation was fi rst mentioned by Friedrich Miescher in 1836, and the fi rst 
full account of the basic mechanisms of growth was presented in Müller’s 
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(1858; according to Trueta and Morgan, 1960) work on the mechanism of 
epiphyseal cartilage calcifi cation. 
Th e growth plate is a thin layer of cartilage located near the ends of 
long bones and vertebrae (Kronenberg, 2003). Th e metaphyseal part of 
the epiphyseal growth plate is responsible for the major proportion of the 
increase in length by growth towards the diaphysis (Trueta and Little, 1960; 
Trueta and Morgan, 1960). Th e remainder takes place by growth of the 
epiphysis from the joint cartilage and during the initial period of growth 
from the epiphyseal cartilage plate towards the epiphysis (Hansson, 1964). 
One characteristic of endochondral bone growth is the precise temporal 
and spatial organisation of chondrocytes within the growth plate, where 
they diff erentiate through a series of maturation stages whilst remaining in 
a spatially fi xed location throughout its existence (Hunziker and Schnek, 
1989). Maintenance of growth is a complex process which is infl uenced by 
a number of systemic and local autocrine / paracrine mechanisms. Th e list 
includes vitamin D metabolites, androgens, fi broblast growth factor and 
bone morphogenetic protein together with other members of the chemokine 
superfamily (MacRae et al., 2006; Reddi, 1997; Erlebacher, 1995).
Th e rate of growth varies between proximal and distal growth zones in 
diff erent long bones. In the case of the lower extremities, studies on the rate 
of growth have shown that about 70 per cent of the length growth of the 
femur occurs in its distal epiphysis; about 55 per cent of the growth of the 
tibia occurs in its proximal epiphysis (Phemister, 1933; Bisgard and Bisgard, 
1935). Physiological anisomelia (i.e. limb length inequality) is more than 
2 mm in 50 % of individuals but does not normally exceed one per cent 
(Hjort-Guldhammer, 1963).
Th e development of the tibiofemoral angle is similar in boys and girls 
(Figure 2). Th e newborn has a physiological varus of fi ft een degrees. Th e 
angle quickly diminishes, being by the age of eighteen months zero degrees. 
At three years, the valgus is at its peak at ten degrees. Gradually decreasing 
angle reaches the adult confi guration of fi ve to seven degrees valgus by the 
age of seven. (Salenius and Vankka, 1975)
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Figure 2: Normal development of the tibiofemoral angle in children (Salenius and 
Vankka, 1975).
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2.3 Juvenile idiopathic arthritis 
2.3.1 Origin of JIA
JIA is a chronic systemic disease characterised by infl ammation of synovial 
joints and other synovial structures such as tendon sheaths and bursae. 
Th e etiologic agent underlying the condition remains unidentifi ed. 
Consequently, the classifi cation and diagnosis of childhood arthritis is based 
on clinical fi ndings, and is under debate. Th e infl amed synovium in JIA is 
histomorphologically similar to that in adult rheumatoid arthritis (Wynne-
Roberts et al., 1978). Th e infl amed adult rheumatoid synovium can induce 
bone and cartilage destruction in laboratory models (Fassbender, 1983; 
Hamilton, 1983). However, diff erences in cytokine profi les, T cell infi ltrate 
and T cell clonality (Murray et al., 1998; De Benedetti et al., 1997; Murray et 
al., 1996; Th ompson et al., 1995, Oen et al., 2005) have been observed in the 
synovium of children with JIA, suggesting that diff erent eff ector mechanisms 
could be involved in the pathogenesis of the synovial infl ammation in this 
disease. Chronic active arthritis in JIA may nevertheless result in erosions 
and joint destruction despite these possible diff erences.
2.3.2 Classifi cation
Th e systematic study and treatment of the disease called juvenile chronic 
arthritis in Europe and juvenile rheumatoid arthritis in North America was 
only initiated in the late 1940s, although there are anecdotal descriptions 
of patients most likely having this disease from the mid-1800s. Juvenile 
arthritis was initially classifi ed into three subgroups (oligo- or pauciarticular, 
polyarticular and systemic-onset disease) using various sets of diagnostic 
criteria, e.g. those devised by the American Rheumatism Association (ARA; 
Brewer et al., 1977) and the European League Against Rheumatism (EULAR; 
Wood, 1978), on the basis of the number of joints aff ected at disease onset 
and a variety of extra-articular clinical features. 
Schaller and Wedgwood (1972) proposed a division of polyarthritis, on the 
basis of the presence of rheumatoid factor (RF), into seropositive polyarthritis, 
a disease mainly encountered in pubertal girls, and seronegative polyarthritis, 
also aff ecting younger children. Oligoarthritis was likewise divided into 
two types (Schaller, 1984): Type I, also called early-onset oligoarthritis, 
with female predominance and disease onset in the fi rst six years of life, 
possibly associated with antinuclear antibodies (ANA) and iridocyclitis, 
and Type II, also called late-onset oligoarthritis, with male predominance 
and disease onset generally at eight years of age or later, oft en positive 
for human leukocyte antigen (HLA) B27, with occational development 
of ankylosing spondylitis (AS) in the course of the disease. Additional 
classifi cations have been proposed for spondyloarthropathy (Prieur et al., 
1990) and psoriatic arthritis (Southwood et al., 1989; Truckenbrodt and 
Hafner, 1990). Recently, a working group of Th e International League of 
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Associations for Rheumatology (ILAR) proposed (Fink, 1995) and modifi ed 
(Petty et al., 1998; Petty et al, 2004) a new unifi ed classifi cation system 
(Table 1) to minimise international diff erences in disease defi nition and 
to identify clinically homogeneous disease subgroups under the umbrella 
term JIA. Th is classifi cation system divided the disease in seven subtypes 
including an unclassifi able group. It has become evident that the subtypes 
of disease, diff ering from each other at onset, will in most cases be diff erent 
in course, and even have diff erent outcomes (Cassidy et al., 1986; Wallace 
and Levinson, 1991).
Table 1: Classifi cation of JIA into subgroups according to International League of 
Associations for Rheumatolofy (ILAR; Petty et al, 2004).
Subgroups of JIA Proportion of patients, %
Systemic arthritis (starts with spiking fever, rash) 10–20
Oligoarthritis (≤4 joints in fi rst 6 mo)
-Persistent oligoarthritis course
-Extended polyarticular course
40–60
Polyarthritis rheumatoid factor-negative 
(>4 joints in fi rst 6 mo) 20–25
Polyarthritis rheumatoid factor-positive 5–10
Enthesitis-related arthritis 
(formerly called spondyloarthropathy)
Undetermined
Psoriatic arthritis 5
Undiff erentiated arthritis (fi ts none or >1 category) Undetermined
2.3.3 Epidemiology
JIA is a relatively rare condition; studies in Finland have established an 
incidence of 13.5 – 20 / 100 000 / year among citizens under sixteen years; the 
mean age at onset is 7 years and the female:male ratio is 2.4:1 (Kaipiainen-
Seppänen and Savolainen, 2001; Kaipiainen-Seppänen and Savolainen, 1996; 
Berntson et al., 2003). 
In Finnish and other community-based incidence studies the subtype 
distribution is oligoarthritis-dominated (66–76%), with 12–31% polyarthritis 
and 3–14% systemic disease. Among children with polyarthritis 17% are 
seropositive. (Kaipiainen-Seppänen and Savolainen, 1996; Towner et al., 
1983; Anderson-Gäre and Fasth, 1992; Kunnamo et al., 1986; Lantto and 
von Wendt, 1985, Berntson et al., 2003).
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2.4 Growth disturbances caused by chronic arthritis
2.4.1 Mechanisms of growth disturbances
Symmetrical ossifi cation is held to depend on the symmetry of the 
vascularisation of the epiphyses and the growth zones (Brodin, 1955; 
Brattström, 1963). Conditions which increase the vascular perfusion adjacent 
to the epiphyseal cartilage plate potentially accelerate growth (Brodin, 1955); 
this is most commonly observed in treating physeal injuries e.g. fractures 
in close proximity to epiphyseal growth plates (Canale, 2003), but also in 
other conditions, including osteomyelitis, tuberculosis and arteriovenous 
aneurysms (Sundt, 1931; Hiertonn, 1957; Langenskiöld, 1957). Increased 
vascular perfusion has been associated with chronic active arthritis in both 
the infl amed human synovium (Strunk et al., 2004) and juxtaarticular bone in 
animal models (Bünger et al., 1983; Bünger et al., 1984). Th e epiphyseal plate 
separates the metaphyseal and epiphyseal vascular compartments, leaving 
the metaphyseal venous drainage capacity unlimited during knee joint 
tamponade. Th e vascular supply to the proximal tibial epiphysis is largely 
extra-articularly located (Scapinelli, 1968), which probably explains the 
diff erent intraosseous pressure responses of the epiphyses during elevation 
of knee joint pressure (Lucht et al., 1981). 
Th e development of abnormal growth patterns in children with JIA may 
be modulated by proinfl ammatory cytokines through both systemic eff ects 
and eff ects acting locally at the level of the growth plate (MacRae et al., 
2006). Th e cellular mechanism whereby cytokines may act on the growth 
plate is at the moment unclear, but suggested factors include Sox9 gene 
expression, TNF-α and apoptosis, sex steroids, IGF-1 signalling and growth 
hormone signalling.
2.4.2 Growth disturbances in JIA
Th e thesis of Meyer Diamont-Berger, dating from as far back as 1891 (Petty, 
1998), reported general growth disturbance in patients with chronic arthritis, 
and similar observations have since been reported (Laaksonen, 1966; Ansell 
and Wood, 1976; Bernstein et al., 1977). In the earlier years stunting was due 
to the disease itself, later also to glucocorticoids (Wang et al., 2002). If a child 
is severely ill in the second decade of life the timing is most unfavourable 
for growth. Even a relatively short period of disease activity may result in 
the loss of a proportion of adult height (Savolainen, 1998). Patients with 
pauciarticular and RF-negative polyarticular disease may evince growth 
patterns similar to normal children (Liem and Rosenberg, 2003). Children 
with rheumatoid factor positive polyarticular and systemic JRA have more 
signifi cant growth retardation which can occasionally be sustained and 
extreme. Menarche is delayed in girls with JIA, particularly if they have 
received glucocorticoid therapy (Kotaniemi et al., 1993; Rusconi et al., 
2003).
2 Review of the literature 17
Th e knee joint is the site most frequently aff ected (60–70 per cent) in 
all subgroups of JIA (Ansell, 1977). However, the infl ammation can be 
present in any joint, and growth disturbances have been reported in several 
locations (Table 2). In a study on residual muscle atrophy and leg length 
discrepancy, children under the age of three years at disease onset had 
signifi cantly more bone overgrowth than children whose disease began 
aft er that age (Vostrejs and Hollister, 1988). Mean leg length discrepancy 
was measured to be 1.4 centimetres in children with early onset compared 
to 0.6 centimetres in children with later onset. According to Eyring and 
associates (1971), leg length discrepancy is always found in children with 
JIA aft er six months of unilateral knee involvement. Long-term eff ects of 
LLD are poorly documented, especially among patients with JIA. Possible 
complications of LLD are listed in Table 3.
Table 2: Frequency of growth deformities in children with JIA.
Underdeveloped mandible (micrognatia), jaw deviation (malocclusion)1, 2 30–70%
Leg length discrepancy, 3, 4, 5 15–50%
Shortening of fi ngers (bradydactylia) and wrist, including ulna 4, 5, 6 5–30%
Hip abnormalities, e.g. coxa valga, mismatched femoral head and 
acetabulum 7, 8 35%
Scoliosis 9 5%
Knee valgus deformity 10 unknown
1 Bakke et al., 2001; 2 Karhulahti et al., 1990; 3 Simon et al., 1981; 4 Minden et al., 2000; 
5 Cassidy and Martel, 1977; 6 Poznanski et al., 1978; 7 Hastings et al., 1994; 8 Jacqueline et al., 1961; 
9 Svantesson et al., 1981; 10 Sundberg and Brattström, 1965
Table 3: Complications associated with leg length discrepancy
Increased energy consumption in walking, causing fatigue 1 
Cosmetically unappealing limp
Cosmetically unappealing shoe lift  or prosthesis
Low back pain 2, 3, 4
Scoliosis 2, 3, 4
Degenerative arthritis of the lumbar and sacroiliac joints 2, 3, 4
Long leg degenerative hip and patellofemoral arthritis 5, 6
Equinus contracture of the ankle
Foot calluses
1 Song et al., 1997; 2 Friberg, 1983; 3 Giles and Taylor, 1981; 4 Goft on, 1985; 5 Kujala et al., 1987; 
6 Goft on and Trueman, 1971
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Sundberg and Brattström (1965) studied sixty-three children with JRA 
and noted a diff erence in length growth between the ipsi- and contralateral 
femur and tibia which amounted to two to four per cent, the majority of the 
diff erence being in the femur. In an earlier study involving ten patients with 
JRA suff ering from unilateral gonarthritis as the fi rst symptom, Brattström 
(1963) found the elongation of the arthritic leg to be one to two centimetres. 
Another study evaluated the course and prognosis of JCA in 171 children. 
Among limb growth disturbances leg length discrepancies were the most 
frequent (Minden et al., 2000). 
In a retrospective study on leg length discrepancy at a growth study 
clinic in Boston, one hundred children with mono- or oligoarticular JRA 
were evaluated and ninety showed involvement of the knee (Simon et al., 
1981). All patients in whom the disease developed before the age of nine had 
overgrowth of the involved extremity, in no case, however, exceeding three 
centimetres. Th e major discrepancy developed within the fi rst 3 or 4 years 
aft er disease onset in children who were diagnosed before the age of nine. 
Rapid premature closure of the epiphyseal growth plate occurred in four 
children who all developed JRA aft er the age of nine. Th is early epiphyseal 
growth plate fusion has been recognised as a complication of JIA, although 
its cause remains unknown. 
Ansell and associates (1970) recognised excessive KVD as a complication 
of both chronic arthritis and glucocorticoid therapy. According to Brattström 
(1963), the hyperaemia in the femoral condyle might be more pronounced 
medially than laterally by reason of asymmetry of the vascular supply, which 
would explain KVD. Th ere are, however, no experimental data supporting 
such a conception, and the actual mechanism underlying the development 
of the deformity remains unclear. Moderate or severe KVD in late childhood 
will not correct spontaneously (Howorth, 1971; Salenius and Vankka, 1975). 
Th e restoration of normal alignment improves appearance, gait and function, 
and may also reduce the later incidence of lateral compartment osteoarthritis 
(Zuege et al., 1979).
2.5 Treatment of synovitis in JIA
2.5.1 Medical treatment
Lybäck and colleagues (2004) have discussed the high disease activity and 
knee growth disturbances in JIA and concluded that every eff ort should be 
made to postpone the necessity of joint replacement, the strategies including 
eff ective medical treatment, synovectomies and temporary epiphyseal arrests 
with stapling. Minor leg length discrepancy or angular deformity can heal 
spontaneously upon remission of arthritis. Leg length may be equalised 
by contralateral arthritis. Disease-induced valgus deformity may decrease 
with age. Physical therapy and rest splints are used in order to maintain and 
2 Review of the literature 19
improve muscular strength and joint range of motion. Shoe lift s or extra 
inner soles can alleviate limping and functional back pain caused by leg 
length discrepancy. (Brattström, 1963; Rydholm et al., 1987). 
Until 1990 medical treatment of JIA was based on the pyramid 
approach initially using various nonsteroidal anti-infl ammatory drugs and 
glucocorticoids and gradually advancing to other medications (Hashkes and 
Laxer, 2005). Studies have, however, indicated that previous assumptions 
as to the course and outcome of JIA were incorrect (Wallace and Levinson, 
1991; Levinson and Wallace, 1992). Th e treatment of JIA today combines 
early and aggressive anti-infl ammatory and immunomodulatory medications 
(Table 4). Th e treatment plan needs to be individualised based on the JIA 
subtype (Hashkes and Laxer, 2005).
Table 4: Medications used to treat JIA.
Effi cacy shown Effi cacy not shown Only sporadic use
Nonsteroidal anti-
infl ammatory drugs (NSAIDs)
Hydroxychloroquine Lefl unomide
Intra-articular 
glucocorticoids
Penicillamine Anakinra
Methotrexate Azathioprine Cyclophosphamide
Sulfasalazine Oral gold Intravenous 
immunoglobulin
Etanercept Th alidomide
Infl iximab Collagen
Adalimumab   
Adapted from Hashkes and Laxer, 2005
Intraarticular glucocorticoid injections are a safe and eff ective method 
in the treatment of acute synovitis. Patients with JIA who have a higher 
erythrocyte sedimentation rate are characterised by a synovial infl ammation 
process which is particularly sensitive to intraarticular glucocorticoid 
injections to the knees (Ravelli et al., 2001). In one study, 246 out of 300 
(82 per cent) intraarticular injections have resulted in remission for six 
months or more, and also relieved joint contractures (Padeh and Passwell, 
1998). Triamcinolone hexacetonide has been shown to be an eff ective means 
of controlling disease activity in the knee joints of young children (Allen et 
al., 1986; Earley et al., 1988, Huppertz et al.,1995). Moreover, it acts longer 
compared to methylprednisolone (Honkanen et al., 1993), betamethasone 
(Balogh and Ruzsonyi, 1988) and triamcinolone acetonide (Eberhard et 
al., 2004). Sherry and associates (1999) found less LLD in children with 
JRA when unilateral knee arthritis was treated early and continuously with 
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intraarticular triamcinolone hexacetonide. However, there are no studies on 
the long-term eff ects of treatment with intraarticular glucocorticoids in JIA. 
Intraarticular use of glucocorticoids also has potential side-eff ects, including 
subcutaneous atrophy at the injection site, deposition of intraarticular or 
periarticular calcium and transient suppression of endogenous cortisol 
production (Earley et al., 1988; Sparling et al., 1990; Huppertz and Pfüller, 
1997).
2.5.2 Synovectomy
Th e histomorphologic similarity of the adult and juvenile infl amed synovium 
and the deleterious eff ect of the infl amed tissue indicate that synovectomy 
i.e. removal of the infl amed synovial tissue, may be benefi cial. Synovectomy 
can be performed surgically with either open or arthroscopic technique 
(Ogilvie-Harris and Weisleder, 1995), chemically (also synoviorthesis) using 
either osmic acid (Martio et al., 1972) or sodium salts of fi sh oil fatty acids 
(Varicocid®; Häfner and Trückenbrodt, 1985), and by radiation synovectomy 
(also radiosynovectomy, radiosynoviorthesis; Jahangier et al., 2001). With 
adult patients, good results have been achieved by open, chemical and 
radiation synovectomy over the years; the open method yields slightly better 
results in the short term, but radiological osteoarthritis seems to develop 
earlier (Nissilä et al., 1978). Osmic acid reduces the knee synovial membrane 
volume signifi cantly (52%) as determined by magnetic resonance imaging 
(Østergaard et al., 1995), and it has been found in controlled studies to be 
clinically more eff ective than intraarticular methylprednisolone injection 
(Nissilä et al., 1977a; Nissilä et al., 1977b). Similar results have been achieved 
with Varicocid® in experimental and clinical studies (Niculescu et al., 1976; 
Kästner and Wessel 1977). A seventy per cent overall improvement has 
been reported in a prospective study with adult patients aft er radiation 
synovectomy when pain, functional disability and joint tenderness and 
swelling were assessed (Jahangier et al., 2001). 
All reports in the English literature on surgical synovectomy of the knee 
in children with JIA concentrate on the open method. Improvement of 
function and relief of pain and other symptoms aft er open synovectomy 
have been reported in patients with JIA in short-term follow-up (Eyring et 
al., 1971; McMaster 1972, Fink et al., 1969; Kampner and Ferguson, 1972), 
and in a controlled study with a 24-month follow-up (Kvien et al., 1987). Th e 
recurrence of synovitis appears to be more frequent in patients undergoing 
their operation in a phase of high disease activity; this occurs most oft en 
in patients with polyarticular disease (Rydholm et al., 1986). In a fi ve-year 
prospective follow-up study with pre- and postoperative arthroscopic 
control, no radiographic signs of disease progression were found aft er 
open synovectomy (Paus and Dale, 1993); this was in concordance with 
arthroscopic fi ndings. 
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However, the role and timing of synovectomy in connection with 
radiological joint changes and bone growth disturbances is still uncertain. 
Some authors have hesitated to operate on very young children for fear 
of postoperative growth disturbance, loss of movement and lack of co-
operation from the patient (Jani and Waigand, 1971; Roles, 1978; Arden, 
1985). In all cases postoperative physical therapy is recommended. While 
alleviating arthritis symptoms, open synovectomy may also contribute to 
the development of arthrosis (Paus and Dale 1993).
In order to avoid unnecessary surgery in situations involving considerable 
potential for spontaneous healing, all authors recommend non-surgical 
treatment of arthritis before open synovectomy. Eyring and colleagues (1971) 
regarded the presence of active synovitis with either radiographic joint 
erosions or signifi cant loss of movement as indications for synovectomy 
regardless of the duration of disease. In the absence of these complications 
they considered persistence of synovitis alone for eighteen months or more 
an indication for synovectomy. McMaster (1972) recommended nine months 
of non-surgical treatment before operation, but in line with Jani and Waigand 
(1971) suggested that the operation be performed before radiographic 
erosions occur. Roles (1978) recommended a deferment of one to two 
years; he also reported good results even in cases evincing preoperative 
radiographic destruction. One study on late results of synovectomy in 
children with JIA reported little if any benefi t from the operation (Jacobsen et 
al., 1985); pain and range of motion remained the same, and permanent relief 
was achieved only in joint swelling. If joints already showed radiographic 
changes at the time of operation, deterioration seemed to continue. In 
joints without preoperative radiographic changes, there seemed to be a 
continuation of deterioration in those aff ected by polyarticular disease, 
while the changes were less pronounced in subjects aff ected by pauciarticular 
disease. Consequently, the authors discouraged the use of the method. 
Rydholm and associates (1986) suggested one to two years of systemic and 
local treatment before surgery, provided that no progressive deformity or 
LLD existed.
Only one study on chemical synovectomy in children with JIA was found 
in the English literature. Intraarticular osmic acid was tried in 129 patients 
(225 injections); 46% of the knees were painless at one year and eff usion was 
also absent (Martio et al., 1972). Best results were achieved in children with 
mild arthritis of short duration and no radiographic changes. No signifi cant 
adverse eff ects were encountered. Varicocid® was found to be eff ective in a 
German study, with long-term remission in 59% of the 105 treated joints 
(85 knees and 20 other) in 82 children with JCA (Häfner and Trückenbrodt, 
1985).
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2.6 Treatment of growth disturbances in the knee in JIA
In the early 20th century, bone shortening and lengthening operations 
were used to a limited extent to equalise limb length (Phemister, 1933). 
However, the techniques involved were complicated and were employed only 
sporadically in the case of children. At present, the two main approaches to 
correct LLD are lengthening of the shorter leg by means of osteotomy with or 
without distraction (Ilizarov and Devyatov, 1971; Kamegaya et al., 1996) and 
shortening of the longer leg using epiphyseal arrest by either epiphyseodesis 
(Phemister, 1933) or temporary epiphyseal arrest (Blount, 1949).
2.6.1 Osteotomy and distraction
Historically, angular and rotational deformities have been addressed by 
conventional osteotomy (Bell et al., 1992). Although oft en successful in 
restoring axial alignment, these procedures are unable to tackle coexistent 
problems of limb length. Th e Wagner method for limb lengthening (Wagner, 
1971) included mid-diaphyseal osteotomy and distraction apparatus, followed 
by plate osteosynthesis and bone graft ing aft er completion of lengthening. 
Th e approach was associated with several disadvantages such as the need for 
at least 3 operative procedures per patient and a high frequency of infections 
and fractures (Schlenzka, 1990). 
Metaphyseal callus distraction for bone lengthening or correction of 
axial deformities, fi rst introduced in practice by Ilizarov (1969), has gained 
wide acceptance (Bell et al., 1992; Schlenzka et al., 1990; Dal Monte and 
Donzelli, 1987; De Bastiani et al., 1987). Th e osteotomy is performed at 
metaphyseal level, resulting in enhanced bone healing. In patients with KVD 
associated with LLD, simultanous correction of KVD has been performed 
both immediately aft er the osteotomy (Price et al., 1990) and gradually 
during the correction of LLD (Bell et al., 1992; Schlenzka et al., 1990). One 
author used immediate correction of both LLD and KVD by means of a 
unilateral fi xator (Kamegaya et al., 1996).
A group under Naudie (1998) has assessed the safety of metaphyseal callus 
distraction in 22 patients. Th ere were 45 minor and 16 major complications 
according to the classifi cation of Velazquez and associates (1993). Th e results 
suggested that complications are more frequent and severe in children with 
some underlying bone disorder. None of the studies in question included 
children with JIA.
2.6.2 Epiphyseodesis
Phemister introduced a technique of epiphyseodesis (or epiphyseo-diaphyseal 
fusion) whereby the arrest of longitudinal growth is accomplished by excising 
a block of the cortex on both sides of the physeal plate and reinserting it 
with the ends reversed. Th ere have been several modifi cations (Green and 
Anderson, 1947; White and Stubbins, 1944; Eyre-Brook, 1951; Eastwood 
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and Cole, 1995), all suggesting simpler or more effi  cient epiphyseodesis. 
More recently, new percutaneous epiphyseodesis techniques have been 
employed with reliable growth arrest and fewer complications (Gabriel et al., 
1994; Gladbach et al., 2000; Canale et al., 1986). Partial (medial or lateral) 
epiphyseodesis can be used to correct angular deformity. Bowen describes a 
reliable method for calculating the predictable angular correction based on 
skeletal and chronological age in proportion to epiphyseal width (1985). 
Preoperative planning seeks to time surgery at a point suitable for the 
achievement of correction at skeletal maturity. When children without joint 
disease are examined, the atlas of Greulich and Pyle (1959) is normally used 
in determining skeletal age. For growth prediction, a combination of the 
tables of Green and Anderson (1947) and Moseley (1977) is used. In JIA it 
is oft en, however, diffi  cult to determine skeletal age due to arthritic changes 
in hand and wrist bones. Th e chronological age and growth potential may 
also be elusive, since the overall growth can be delayed in these children 
due to the disease or the requisite medication (Rydholm et al., 1987). Th ere 
are, however, no published reports on the use of this method in correction 
of either LLD or KVD in children with JIA.
2.6.3 Temporary epiphyseal stapling
2.6.3.1 Development of stapling techniques
In 1945 Haas proposed retardation of bone growth by means of a wire loop 
(Haas, 1945). He tried this fi rst in laboratory animals and later in children, 
and showed that longitudinal growth at an epiphysis could indeed be held 
up mechanically with a wire loop. Even more importantly, he showed that 
growth resumed when the wire broke or was removed. Consequently, he 
suggested early temporary arrest and removal of the retentive material aft er 
suffi  cient correction.
Walter Blount (Blount and Clarke, 1949) was stimulated by Haas’ work and 
conducted his own experiments using rigid staples (Figure 3). Aft er initial 
trials with various sizes and gauges he started using three simple smooth 
steel wire staples over each side of the epiphyseal plate. In his experience 
there were no irreversible complications, but the preliminary report is rather 
a presentation of a new technique than a scientifi c study.
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Figure 3. Modifi ed Blount method for temporary epiphyseal arrest in the management 
of leg length discrepancy. Right knee of a 10-year old girl with JIA.
Stapling was subsequently found to be eff ective in inhibiting growth. Th e 
fi rst steel staples were not suffi  ciently rigid and were observed in one study 
to spread to a greater or lesser degree (Green and Anderson, 1957). In the 
same study on the management of LLD 55 (66%) of the 83 staplings resulted 
in eff ective growth arrest without any complications. In 13 (16%) procedures 
the arrest was not satisfactory; in two the result was asymmetric growth and 
in eleven the staples either spread or extruded with an impairing eff ect on 
correction. Other complications with staples not aff ecting the correction 
were reported in 15 (18%) arrests, two of these being wound infections.
In a roentgen stereophotogrammetric (RSA) study with 19 children and 
a wide variety of diagnoses (one JCA) the pattern of growth retardation 
aft er Blount stapling using three vitallium alloy staples over the medial 
(and lateral) femoral epiphysis was determined (Bylander et al., 1983). 
In intact growth regions the growth correlated well with growth rates as 
derived from the tables of Green and Anderson (1947). In stapled growth 
regions, a uniform pattern of growth retardation was found. Th e authors 
noted, however, that the growth continued even on the stapled side at a 
low “basal” level especially in children of young skeletal age, indicating 
subtotal epiphyseal arrest. At older skeletal ages the basal growth rate is less 
pronounced, possibly due to fi rmer staple fi xation.
2.6.3.2 Stapling in children without joint disease
Zuege and associates (1979) studied 56 children with angular knee deformity, 
some with concurrent LLD. None of them had JIA or other arthritis, but 
several other causes of secondary bone growth deformities were present. 
Two vitallium alloy staples were used over the medial (and lateral) femoral 
epiphysis. Deformities were allowed to overcorrect before the staples were 
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removed. Aft er the removal of the staples the resumed growth was accelerated 
for a few months resulting in recurrence of LLD in 22 patients, and authors 
named this a “rebound phenomenon”. Furthermore, they employed a tailored 
operative procedure for individual patients with combined LLD and angular 
knee deformity.
Fraser and colleagues (1995) reported the results achieved in 27 knees 
with secondary valgus deformity, three vitallium staples being used in 
the procedures. Th e study group included only one child with JCA. No 
irreversible complications occurred. Staples extruded from the knee in one 
child with osteogenesis imperfecta and in another with thalassemia major. 
Th e bone was porotic in both cases. Arden (1985) refers to stapling as “a 
valuable procedure”, and reports good results in the treatment of knee valgus 
in 18 children with JRA.
Th e use of hemiepiphyseal stapling for knee deformities in children below 
the age of 10 was proved safe and eff ective by Mielke and Stevens (1996). Th e 
localisation of all the growth plates by means of fl uoroscopic guidance was 
strongly advocated. Raab and associates (2001) found the method safe, but 
do not recommend stapling in girls under 9 years and boys under 11 years 
due to a higher frequency of staple loosening in these age groups. However, 
no patients in either study were children with JIA.
2.6.3.3 Stapling in children with JIA
Th e details of reports on stapling in children with JIA are shown in Table 5. 
Th e fi rst account of the management of either LLD or valgus deformity of 
the knee in children with JRA pertained to a 10-year follow-up study from 
the Rheumatism Foundation Hospital (Heinola, Finland) during 1957–66 
(Laine and Mikkelsen, 1968). Th irteen children were operated. Surgery was 
undertaken at a young age, and the duration of arthritic symptoms prior 
to the operation had been from four months to fi ve years. In view of the 
young age of the patients, a modifi ed Blount method was used in most cases 
(stapling with two staples on each side, Figure 4). Of the 14 stapled knees 
10 (71%) reached the physiological anatomy. No serious complications 
occurred; in three cases prematurely loosened staples were re-inserted. Th e 
authors recommended stapling in the management of KVD but, despite 
their own good results, held the operation to be indicated only occasionally 
in LLD.
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Figure 4. Roentgenograms of a knee aft er temporary arrest (left ) and aft er removal of 
staples (right). Left  knee of a 15-year old girl with JIA.
A report on three children with JCA and valgus deformity from the 
Canadian Red Cross Memorial Hospital (Taplow, UK) suggested good results 
(Ansell et al., 1970). In this study the children were aff ected by bilateral 
KVD and deformity was measured by intermalleolar distance. All were 
girls receiving systemic glucocorticoid treatment, and one was also treated 
with human growth hormone. Th e writers stressed the need for follow-up, 
especially when reducing the glucocorticoid dosage. 
In Lund University Hospital (Lund, Sweden), 15 children (11 girls and 4 
boys) with JCA were stapled for either LLD or valgus deformity of the knee 
(Rydholm et al., 1987). A total of 22 knees were stapled, 17 for progressive 
valgus deformity and fi ve for LLD. With valgus deformity, 15 knees were 
corrected to less than fi ve degrees residual valgus. With LLD, equality of 
length was obtained in two, slight undercorrection in two and overcorrection 
in one. Th e rate of correction diff ered considerably between the patients by 
reason of diff erences in age, type of disease and medical treatment.
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Simon and associates (1981) performed stapling on 15 chilren with JRA 
with LLD in the Children’s Hospital Medical Center and Harvard Medical 
School (Boston, USA). Th e Green and Anderson (1947) method was used in 
planning the operation, but discrepancies were found between skeletal and 
chronological age. In children with minor LLD not treated operatively the 
LLD showed an irregular course with slow increase in some and decrease 
in others.
Table 5. Reports on stapling in children with JIA.
Patients 
/ knees
n
Female 
%
Age at 
operation 
years (range)
Indication Median deformity
before stapling 
(range)
at end-point 
(range)
Laine and 
Mikkelsen 
(1968)
13 / 14 69% 4 (2–9) 4 LLD 1.75cm (1.5–2.0) 0cm (–2.0–0)
7 KVD 15° (10–25) No defomity 
(ad 15°)
3 Mixed analysis not available
Ansell et al. 
(1970)
3 / 6 100% 12 (11–13) 6 KVD 
(bilateral 
operations)
Intermalleolar 
distance
12.5cm (9.5–15.0)
Intermalleolar 
distance
1.3cm (0–3.7)
Simon et al. 
(1981)
15 / 15 80% 12 (10–15) 15 LLD 2.4cm (0.3–5.9) 0.6cm (–0.2–3.8)
Rydholm et al. 
(1987)
15 / 22 73% 11 (5–16) 5 LLD 3.0cm (1.5–3.0) 1.5cm (–3.0–1.7)
17 KVD 15° (10–35) 5° (0–20)
Lybäck and associates (2004) analysed the eff ect of previous surgery on 
seventy-seven knee arthroplasties in fi ft y-two patients with JCA. Patients in 
need of epiphyseal arrest had an early disease onset and knee replacement 
in early adulthood. Local growth disturbances, primarily valgus deformity, 
were considered to refl ect the severity of the disease.
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3 Purpose of the study
Th e aim of the present study was to evaluate the use of temporary epiphyseal 
stapling in the management of bone growth disturbances in the growing 
knee region in children with JIA. Answers were sought to the following 
questions:
I. What are the complications related to stapling and what is their frequency 
in this population?
II. Is temporary epiphyseal stapling a safe method for correction of either 
LLD or KVD in immunologically compromised patients such as children 
with JIA?
III. How effi  cient is temporary epiphyseal stapling in correcting LLD?
IV. How effi  cient is temporary epiphyseal stapling in correcting KVD?
V. Is there a diff erence in diagnoses between children requiring correction 
for LLD compared to those requiring correction for KVD?
VI. Do the results achieved by stapling persist in long-term follow-up?
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4 Patients and methods
4.1 Rheumatism foundation hospital
Th e Rheumatism Foundation Hospital (RFH), founded in 1951, is a leading 
Finnish centre specialising in the treatment and rehabilitation of problems 
related to rheumatology, juvenile rheumatoid arthritis, orthopaedics, and 
physical medicine and rehabilitation. Surgical treatment of rheumatoid 
patients was started at the RFH in the 1950s. Th e treatment and rehabilitation 
of JIA in its most severe forms is centralised in this institute. About 75% of 
Finnish children and adolescents with rheumatic diseases have at least once 
visited the hospital and two thirds are continually treated there (Kaipiainen-
Seppänen and Savolainen, 2001; Kaipiainen-Seppänen and Savolainen, 
1996).
4.2 Patients
According to the records of the RFH, 190 children with JIA were stapled for 
temporary epiphyseal arrest during the period 1956–1999 in order to correct 
either LLD or angular deformity at the knee. Th e total number of procedures 
was 301. Forty-three (14%) of these were re-operations due to a subsequent 
recurrence of growth disturbance and were excluded from this study. For the 
purpose of a retrospective study, medical data on the children were reviewed 
and the following variables recorded: sex, age at onset of arthritis, diagnosis, 
age at operation, indication and pattern of stapling, all complications related 
to stapling, and the time point of cessation of growth. All synovectomies, 
arthrodeses, arthroplasties and intraarticular glucocorticoid injections in 
these patients prior to stapling and during follow-up were also recorded. Th e 
diagnostic criteria for diff erent subgroups of JIA have changed over the years, 
but with the help of precise and descriptive records, the diagnoses could be 
settled with suffi  cient reliability according to the proposal of the International 
League Against Rheumatism (ILAR; Petty et al, 1998). Th e end of growth was 
determined by subsequent equal height measurements. According to this 
information, two cohorts were formed and further examined as follows:
Cohort I: LLD. A total of 71 children and knees were found for the study 
on the safety and short-term effi  cacy of temporary epiphyseal stapling in 
the management of LLD. Seventeen children and knees yielded at least one 
year follow-up data for long-term evaluation aft er cessation of growth or 
staple removal. For the purpose of the study the following variables were 
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determined: LLD (assessed by clinical measurement from the anterior iliac 
spine to the medial malleolus and by standing hip radiographs with grid) 
before stapling and at the time of staple removal, and duration of stapling. 
In cases where staples were not removed at the time of cessation of growth, 
the duration of stapling was calculated by the end of growth determined as 
above. In evaluation three patients with oligoarthritis were excluded; two 
had recently been operated and were not yet seen at the follow-up visit, and 
one due to defi cient data. For long-term evaluation LLD was measured as 
above, and recorded at three time points: before stapling, at the time of staple 
removal and at the end-point, as were the length of stapling and follow-up 
periods. Th e end-point was set at the fi rst documented measurement of leg 
lengths aft er cessation of growth determined as described above.
Cohort II: KVD. Altogether 112 children and 177 knees were found for 
evaluation of the safety and short-term effi  cacy of temporary epiphyseal 
stapling in the management of KVD; 62 children and 96 knees had at least 
one year follow-up data for long-term evaluation aft er cessation of growth 
or staple removal. All immunosuppressive medication of these patients 
(oral glucocorticoid or ACTH, methotrexate, azathioprine, chlorambucil or 
cyclosporine) was recorded. KVD was measured as the tibio-femoral angle 
from weight-bearing (standing) knee radiographs at two time points: before 
stapling and at the time of staple removal. Th e length of the stapling period 
was recorded. In cases where staples were not removed due to end of growth, 
the length of stapling was calculated by the end of growth determined as 
above. For long-term evaluation KVD was measured as above at three time 
points: before stapling, at the time of staple removal and at end-point, as 
were the length of the stapling and follow-up periods. Th e end-point was 
set at the fi rst documented measurement of knee valgus at least one year 
aft er cessation of growth determined as above.
4.3 Statistics
Results are expressed as median with range and inter-quartile range (IQR) or 
mean and standard deviation (SD). Th e normality of variables was assessed 
by the Shapiro-Wilk test. Th e most important descriptive values are given 
with a 95 per cent confi dence interval (95%CI). Statistical comparison 
of changes was made using Wilcox’s signed range test with Monte Carlo 
estimate of p-value or by repeated-measures analysis of variance (RANOVA), 
and paired t-test. Statistical signifi cance was calculated using a binomial 
test.
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5 Results
Th is section reviews the main results of the series. Further details are 
presented in the original papers. Numbers in brackets (I – IV) refer to the 
original articles.
5.1 Temporary epiphyseal stapling in correction of leg 
length discrepancy in children with JIA (I,II)
Seventy-one patients (71 knees) with JIA underwent temporary epiphyseal 
stapling for LLD. Th e most frequent indication was LLD over 10–15 mm. 
Th irty-seven staplings were performed on the right knee and 34 on the left . 
Twenty-six procedures were undertaken for boys and 45 for girls. Th e mean 
age of the patients at the time of surgery was eleven (range 5–16) years and 
the median duration of the disease seven (range 1–14) years. Th e distribution 
of patients into diff erent diagnostic categories according to ILAR criteria 
is presented in Table 6.
Table 6: Distribution of diagnoses among children stapled for LLD.
Diagnosis All patients
N ( % )
Systemic arthritis 1 ( 2 )
Polyarthritis:
RF-positive 3 ( 4 )
RF-negative 18 ( 25 )
Oligoarthritis:
Persistent 32 ( 45 )
Extended 13 ( 18 )
Psoriatic arthritis 2 ( 3 )
Other arthritis 2 ( 3 )
Total 71 ( 100 )
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5.1.1 Short-term effi cacy (I)
 Th e measurements obtained from both sexes and sides were pooled, and 
three patients were excluded (see patients and methods). Stapling methods 
are set out in Table 7. Most of the knees were stapled only at the distal femoral 
epiphysis using one to three staples both medially and laterally. 
Table 7: Distribution of stapling methods used. 
Method of stapling Patients
N (%)
FM + FL 47 (69)
FM + FL + TM + TL/Fi 17 (25)
TM + TL 4 (6)
Total 68 (100)
Abbreviations: F = femur; T = tibia; Fi = fi bula; M = medial side; L = lateral side.
Preoperative median LLD was 17.5 mm (IQR: 14, 20) and at the time of 
removal of the staples 5.0 mm (IQR: 2,10). Th e median diff erence was –12 
mm (95 % CI: –10 to –15). Th e median stapling period in the cohort was 
12 (range 6–59) months. LLD was corrected with a median velocity of 1 
mm/month. Th e results are presented in Figure 5. In one patient a notable 
over-correction of twenty millimetres was detected, being most probably 
attributable to aggressive infl ammation of the contralateral knee. Th ree cases 
with lesser over-correction were managed with an insole, and these probably 
resulted from too long intervals between control visits.
Figure 5: Correction of LLD. Boxes show the inter-quartile ranges and midlines show 
the medians.
Before
stapling
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5.1.2 Complications (I)
Only seven (10% [95%CI:4%to19%]) major complications were documented 
among the 68 stapled knees. One death occurred in the study group during 
the follow-up for a reason not related to the procedure (a seventeen-year-
old male patient died of acute leukaemia). None of the complications was 
irreversible – one patient with peroneal paralysis (in this case the fi bula was 
also stapled) was successfully treated surgically, as well as one case with a 
deep infection. In all the other cases ( two with premature loosening, one 
mislocation, one physeal plate perforation, and one breakage of the staple, 
Figure 6a and 6b ) the staples were simply re-inserted without delay.
Figure 6a: Broken staple aft er temporary epiphyseal arrest for LLD using single staples 
in medial and lateral femur. Right knee of a 10-year old girl with JIA.
Figure 6b: Radiographs before (left  ) and aft er (right) temporary epiphyseal stapling for 
LLD. Th e staples had been incorrectly inserted and correct positioning was achieved in 
reoperation aft er follow-up radiographs. Note the bending of the single medial staple. 
A 5-year old girl with JIA.
5.1.3 Long-term effi cacy (II)
Data on long-term follow-up aft er stapling for LLD were collected from 3 
boys and 14 girls (8 right and 9 left  knees). Mean age at time of operation 
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was 11 years (range 6–15) and the mean duration of disease prior to surgery 
was seven years (range 1–14). Th e median stapling period in the cohort 
was 19 (range 10–39) months and the median follow-up time 68 (range 
33–180) months.
Preoperative mean LLD was 21 mm (SD 8) and at staple removal 4 mm 
(SD 10), a diff erence of –17 mm (95 % CI: –10 mm to –23 mm). Results are 
shown in Figure 7. During follow-up, the correction remained the same. In 
one case the LLD (left  leg longer prior to operation) was over-corrected to –5 
mm, and the long term result was an over-correction to –15 mm. Th e girl in 
question was eight years old at the time of operation and she subsequently 
developed both right knee arthritis and left  subtalar destruction which was 
treated with subtalar arthrodesis. An over-correction to –20 mm occurred 
in another patient with aggressive contralateral gonarthritis. During follow-
up, this spontaneously corrected to –15 mm. 
Figure 7: Correction of LLD. Black circles show preoperative LLD, triangles show LLD 
by the time of staple removal and open circles show LLD aft er follow-up.
In fi ve (29%) of the 17 cases the correction was partially lost, this probably 
due to the rebound phenomenon, a short period of quick growth aft er staple 
removal, discussed by Zuege and associates (1979). Th e mean rebound in 
these 5 children was eight millimetres (4–15).
Before
stapling Time from operation (years)
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5.2 Temporary epiphyseal stapling in correction of knee 
valgus deformity in children with JIA (III,IV)
A total of 112 children (177 knees) with JIA underwent temporary epiphyseal 
stapling for KVD. Th e indication for the procedure was KVD over 10° in 
radiographs. Th e sex distribution in the study group was 19 boys (twenty 
nine knees) and 93 girls (148 knees), and mean ages at the time of operation 
were 8 (range 3 – 16) years and seven (range 2 – 15) years, respectively. 
Th e mean duration of the disease up to the time of the operation was fi ve 
(range 1 – 14) years. Th e distribution of the patients into diff erent diagnostic 
categories according to ILAR criteria is presented in Table 8.
Table 8: Distribution of diagnoses in the study group.
Diagnosis All patients
N ( % )
Systemic arthritis 18 ( 16 )
Polyarthritis:
RF-positive 5 ( 4 )
RF-negative 46 ( 41 )
Oligoarthritis:
Persistent 14 ( 13 )
Extended 25 ( 22 )
Psoriatic arthritis 2 ( 2 )
Other arthritis 2 ( 2 )
Total 112 ( 100 )
Eighty of the patients were on immunosuppressive medication at 
the time of stapling, 64 with oral glucocorticoids or ACTH and 16 with 
various combinations of methotrexate, azathioprine, chlorambucil or 
cyclosporine.
5.2.1 Short-term effi cacy (III)
Most of the knees involved were stapled only at the distal femoral epiphysis 
using one to three staples medially; other patterns are shown in Table 9. 
Th e average age of the patients receiving only medial femoral staples was 
seven (2–15) years at the time of temporary epiphyseodesis. In 14 cases 
the staples were also installed on the medial aspect of the proximal tibial 
epiphysis; the average age of these patients was nine (2–16) years. In one 
child stapling of the proximal tibia only was performed; the age of this 
patient was nine years.
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Th e preoperative median radiological tibio-femoral angle was 11° (IQR: 
9,14) and at the time of removal of the staples 4° (IQR:2,5). Th e median 
time of temporary epiphyseal stapling was 10 (IQR:8,13) months. KVD was 
corrected with a median angular correction of 0.7 degrees/month. In 120 
of the 177 knees treated (68% [95%CI:61%–74%]) the physiological angle 
(3–8°) was reached. In twenty-three knees (13% [95%CI:8–19]) the knee 
angle turned to varus. Th e results are presented in Figure 8. In all cases 
(35/177) with a physiological knee angle in plain roentgenograms prior to 
stapling the operation was based on clinical fi ndings. Fourteen (40%) of 
these 35 patients showed physiological knee valgus both in roentgenograms 
and clinically by the time of staple removal.
Table 9: Distribution of stapling methods used. Abbreviations: F = femur; T = tibia; 
M = medial side.
Method of stapling All patients
N ( % )
FM 162 ( 91 )
FM + TM 14 ( 8 )
TM 1 ( 1)
Total 177 ( 100 )
Figure 8: Tibio-femoral angle before stapling and at the time of staple removal. 
Boxes show the distance between the quartiles with the median marked as a line. Th e 
whiskers show ninety-fi ve percentiles. Extremes are shown as open circles.
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stapling
Staple
removal
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5.2.2 Complications (III)
Six (3% [95%CI:2,7]) major complications were documented among the 
177 stapled knees. One patient with deep infection developed a fi stula in 
the knee joint which was managed by fi stulotomy. In three cases the staples 
were inserted incorrectly and in one case one staple loosened prematurely. 
Th ese were re-inserted without delay. Th e only irreversible complication 
was one premature epiphyseal plate closure in a fi ve-year-old girl, causing a 
progressive varus deformity (Figure 9). Several re-staplings on the lateral side 
of her femur and tibia and epiphyseodesolyses on the medial femur were made 
in an unsuccessful attempt to correct the malalignment. A supracondylar 
osteotomy of the femur was then performed at the age of fourteen. Th e varus 
deformity of the knee and the high activity of the underlying disease fi nally 
caused extensive destruction in all lower extremity joints.
Figure 9: Premature epiphyseal plate closure (left ) aft er temporary epiphyseal arrest for 
KVD at the age of 5 in a girl with JIA. Correction of the resulting varus deformity was 
attempted using lateral staples and medial epiphyseodesolysis (middle and right).
5.2.3 Long-term effi cacy (IV)
Data on long-term follow-up aft er stapling for KVD were collected from 8 
boys and 61 girls (50 right and 53 left  knees). Th e mean age at the time of 
operation was 7 years (range 2–15) and the mean duration of the disease 
up to the time of operation 4 years (range 1–13).
Th e measurements of both sexes and sides were pooled. Most knees 
(89/103) were stapled only at the distal femoral epiphysis using two staples 
medially. Th e median stapling period in the cohort was 10 (3–39) months and 
the median follow-up time 60 (12–168) months. Th e preoperative median 
knee valgus angle was 11 degrees (IQR:9,14) and at the time of removal of 
the staples 4 degrees (IQR:2,5). In 72 of the 103 knees (70% [95%CI:60–79]) 
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the physiological angle (3–8°) was reached. Th e results are shown in Figure 
10. At end-point the median knee valgus was 5 degrees (IQR:3,8), and 62 of 
the knees were measured to be within 3 to 8 degrees valgus. Th e diff erence 
between measurements at the time of removal of staples and at the end-point 
was not statistically signifi cant. At the end of follow-up, the tibiofemoral 
angle in 19% of knees had returned to valgus deformity. In 20% of the knees 
there was a persistent over-correction to varus. Eighteen ipsilateral knee total 
arthroplasties were performed at a mean age of 22 (range: 16–60) years, and 
25 other lower extremity total arthroplasties were documented in the study 
group during follow-up.
Figure 10: Correction of valgus deformity. Th e left  side shows the tibio-femoral angle 
before stapling and at the time of staple removal. Boxes shows the distance between the 
quartiles with the median marked as a line and the whiskers ninety-fi ve percentiles. 
Extremes are shown as open circles. On the right the individual tibio-femoral angles at 
the end of follow-up are shown as open circles.
Before
stapling
Staple
removal Time after removal of staples (years)
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6 Discussion
Th e two epiphyseal growth plates at the knee are suffi  ciently close to the 
synovial capsule to be stimulated by the hyperaemia and the release of 
cytokines which occur during the infl ammatory process (Phemister, 
1933; Bisgard and Bisgard, 1935; Bünger et al., 1984; Strunk et al., 2004; 
MacRae et al., 2006), while not being adversely aff ected by the concomitant 
destructive process. In addition to medical treatment, knee synovitis should 
be controlled by intraarticular glucocorticoid injections (Padeh and Passwell, 
1998), preferably triamcinolone hexacetonide (Allen et al., 1986; Earley et al., 
1988, Huppertz et al.,1995; Honkanen et al., 1993). When synovitis persists 
or recurs, one to two years of eff ective systemic and local treatment should 
be used prior to synovectomy ( Eyring et al., 1971; McMaster, 1972; Fink et 
al., 1969; Kampner and Ferguson, 1972; Kvien et al., 1987; Rydholm et al., 
1986; Paus and Dale, 1993; Martio et al., 1972).
When it comes to surgical treatment of LLD or KVD in a growing knee, 
the less invasive procedures undertaken during childhood (e.g. metaphyseal 
callus distraction, epiphyseodesis and temporary epiphyseal stapling) which 
allow immediate mobilisation, are superior compared to conventional 
osteotomies. Ilizarov metaphyseal callus distraction (Ilizarov, 1969; Bell et 
al., 1992; Schlenzka et al., 1990; Dal Monte and Donzelli, 1987; De Bastiani 
et al., 1987), Phemister epiphyseodesis ( Phemister, 1933 ) with its variations 
( Green and Anderson, 1947; White and Stubbins, 1944; Eyre-Brook, 1951 
) and temporary epiphyseal stapling ( Blount and Clarke, 1949; Zuege et 
al., 1979; Mielke and Stevens, 1996; Raab et al., 2001) have proved safe and 
effi  cient in controlling growth in various non-rheumatological conditions. 
Metaphyseal callus distraction is associated with infectious and other 
complications especially when used in cases involving other underlying 
bone diseases. In children without JIA, epiphyseodesis is reliable and when 
correctly planned requires only one operation. Temporary epiphyseodesis 
on the other hand may necessitate a second operation due to insuffi  cient 
arrest or local adverse eff ects caused by foreign material. 
Establishment of the skeletal age and the growth and correction potential 
in the knees of rheumatic children is unreliable. It is thus only rational that 
the means to correct growth disturbances be fl exible when treating these 
conditions. Temporary epiphyseal stapling has proved safe and versatile in 
several studies on children with JIA (Laine and Mikkelsen, 1968; Ansell 
et al., 1970; Arden, 1985; Rydholm et al., 1987; Simon et al, 1981). When 
temporary epiphyseal staples are inserted, two staples should be used over 
each aspect of the epiphyseal growth plate. Use of single staples is associated 
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with implant breakage. Extra-articular insertion of three staples is oft en 
impossible, especially in young patients. In cases with excessive LLD or 
KVD and closer to the cessation of growth both femoral and tibial staples 
may be used, in other cases only femoral staples.
Some children with JIA develop a simultaneous ipsilateral LLD and KVD. 
In the RFH a few successful attempts to manage such growth disturbances 
have been made over the years using diff erent staple combinations (medial 
and lateral femoral staples with only medial tibial staples). As the correction 
velocity of these deformities diff ers, a two-stage removal of staples is 
frequently indicated. With prompt follow-up it is possible to rearrange the 
staples individually in order to compensate changes in the course of the 
disease up to the end of growth.
Th e distribution of diagnoses among children with JIA and LLD is 
consistent with the normal oligoarthritis-dominated population of children 
with JIA. Th e male proportion was notably high in the study cohort (1:1.7 vs. 
1:2.4 in population-based studies); this was due to the high number of the 
male-dominated persistent oligoarthritis subtype. In this study earlier age at 
onset (4 vs. 7 years) of oligoarthritic disease with unilateral knee synovitis was 
associated with the development of limb length inequality. Also, especially 
in younger children, the presentation of polyarthritis with early unilateral 
onset of knee arthritis may lead to LLD with or without concomitant angular 
deformity. Progressive and excessive limb length inequality may result in 
problems in ambulation, pain in the lower back and lower limb joints and 
as a consequence delayed locomotor development. With such a deformity, 
children with JIA and LLD are at risk of developing aberrant ways of walking 
and moving which require extensive physical therapy and guidance to 
obliterate. In children with JIA every eff ort must be made to maintain limb 
length equality by means of eff ective local and systemic medical treatment, 
synovectomy and, if other measures are ineff ective, temporary epiphyseal 
arrest. Sometimes when the progression of the deformity is slow and no 
obvious diffi  culties with ambulation are encountered the operation can be 
postponed in hopes of a spontaneous limb length equalisation.
In preadolescent patients, the indication for the procedure was considered 
to be present when the LLD exceeded ten to fi ft een millimetres depending 
on the growth potential of the child. In younger patients a diff erence of ten 
millimetres or more was a common indication. Clinical assessment of LLD 
may be tampered by obesity, knee angular deformity, possible contractures 
and asymmetric pelvis; hence, it is wise to confi rm the discrepancy by 
standing hip radiographs with grid.
Th e safety of the method in the management of LLD in any age group was 
manifest according to the present results with no irreversible complications, 
this being somewhat in contrast to fi ndings in previous smaller studies. 
Th e continued use of glucocorticoids or cytotoxic agents had no adverse 
eff ect on safety. Th e mean age of the patients at the time of stapling was 
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eleven years, demonstrating that the need for correction was highest among 
preadolescents, but also younger patients were stapled without diffi  culties. 
In long-term assessment the good correction of LLD achieved by stapling 
appeared to persist. It is imperative to control the synovitis in the knees in 
order to gain optimal results from stapling.
In this retrospective study it was not possible to devise a structured 
scheme for the follow-up of the child. Th e average monthly correction of LLD 
by one millimetre in the fi rst part of the study nevertheless encourages the 
use of the technique. Some overcorrections were found in the group and it is 
thus imperative to arrange a prompt postoperative follow-up scheme in order 
to prevent excessive overcorrection and to manage ipsi- and contralateral 
gonarthritis.
Th e distribution of diagnoses among children with JIA and KVD was 
predominated by polyarthritis (45% vs. 12–31% in population-based studies), 
thus rendering the male-female distribution grossly female-dominated 
(1:4.9 vs. 1:2.4 in population-based studies). Th e early onset age (3 vs. 7 
years) was also notable in this cohort. Even though the actual mechanism 
leading to KVD in these children is not clear, the development of this growth 
disturbance seems to be associated with active gonarthritis. Valgus deformity 
may result in problems in ambulation, pain in lower limb joints and delayed 
locomotor development. As with LLD, children with JIA and KVD are at risk 
of developing aberrant ways of walking and moving which require extensive 
physical therapy and guidance to obliterate. If the deformity is excessive, it 
results in the destruction of the medial collateral ligament, rendering future 
total knee replacement more demanding and invasive. Th erefore aggressive 
systemic and local therapy must be exploited in order to avoid the deformity. 
When conservative measures fail, temporary epiphyseal arrest allows fl exible 
correction of angular deformity. Varus has also been associated with JIA in 
rare instances, but in this study at the RFH varus was only encountered as 
a result of overcorrection.
Operative treatment of KVD requires a great deal of clinical experience. 
Decision on the indication for stapling may be complicated; when non-
operative treatment fails temporary epiphyseal arrest may be indicated even 
in cases with only moderate knee valgus in order to maintain mechanical 
integrity of the lower extremity, especially with a combination of knee and 
ankle valgus deformity. When clinical valgus exceeds 10–15 degrees, weight-
bearing knee radiographs are taken to ascertain the deformity. Th e staples 
were inserted at clinical or radiographic valgus exceeding ten degrees and 
removed at a slight over-correction; at the RFH the desired tibiofemoral 
angle has been three to eight degrees of valgus. Th e results show that in 
two thirds of the knees treated a physiological alignment was achieved by 
temporary epiphyseal arrest. Failure to reach the desired angle may result 
from incorrect timing of the operation (too late) and frequency of follow-up 
visits (too sparse). Angular correction achieved by temporary epiphyseal 
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arrest occurs relatively quickly and the required duration of stapling is 
somewhat shorter compared to longitudinal correction in LLD. Th is also 
means that the activity of ipsilateral gonarthritis may signifi cantly aff ect the 
degree and velocity of correction.
Th e complication rate (three per cent) in the operated knees was notably 
lower compared to the ten per cent in the management of LLD. Th is may 
result from a lower number of staples used in treating valgus deformity, or 
from a shorter stapling time. Most major complications related to epiphyseal 
stapling are reversible. However, the risk of premature closure of growth 
plates does exist, as one encountered case demonstrates. Th e continued use 
of glucocorticoids or cytotoxic agents had no adverse eff ect on safety.
Most of the angular correction achieved in the stapled knees in the 
present cohort remained the same through the long-term follow-up though 
in some patients the deformity did recur. Whether this was due to active 
arthritis or merely to the natural course of the deformity remains unresolved. 
Th eoretically a physiological knee valgus angle achieved by temporary 
epiphyseal arrest would divide the mechanical loading of the knee evenly, 
thus hopefully postponing the necessity for joint replacement. Nonetheless 
these patients with corrected KVD still ended up having their knees replaced 
at a young age. Th e correction of the angular deformity may, however, reduce 
the problems associated with soft  tissue imbalance, deformed metaphyses and 
diaphyses requiring expensive custom implants and ligament insuffi  ciency 
requiring constrained implant designs not infrequently encountered in JIA 
knee replacement.
An algorithm for the assessment and management of LLD in children 
with JIA is here proposed:
1. Limb length equality is clinically assessed at every visit to a paediatric 
rheumatologist. Persistent knee arthritides are managed with systemic 
anti-rheumatic drugs and intra-articular glucocorticoid injections. If 
repeated local injections prove ineff ective aft er 12 months, synovectomy 
has to be considered. Clinical limb length inequality less than 10–15mm 
(depending on the subject’s height) is managed with shoe lift s.
2. When clinical discrepancy exceeds 15mm, a standing hip radiograph 
using grid is taken to ascertain the inequality. Growth charts and hand 
and knee radiographs are reviewed in order to assess the growth and 
correction potential and skeletal age.
3. Extra-articular temporary epiphyseal arrest is achieved using staples. 
Two staples are inserted through small incisions over both medial and 
lateral femoral epiphyses. Th e positioning of the staples is confi rmed by 
perioperative fl uoroscopy.
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4. Immediate postoperative mobilisation is encouraged using continuous 
passive motion (CPM) and physical therapy. Full weight-bearing is 
allowed.
5. Follow-up visits are arranged every three months with possible intra-
articular glucocorticoid injections when necessary. In cases with 
contralateral active synovitis the visits may be more frequent. A standing 
hip radiograph using grid is taken when limb length equality is clinically 
achieved. Staple removal is scheduled so as to gain slight overcorrection 
to accommodate the rebound eff ect.
Th e following algorithm for assessment and management of KVD in children 
with JIA is proposed:
1. Knee angular alignment is clinically assessed at every visit to a paediatric 
rheumatologist. Persistent knee arthritides are managed with systemic 
anti-rheumatic drugs and intra-articular glucocorticoid injections. If 
repeated local injections prove ineff ective aft er 12 months, synovectomy 
has to be considered. KVD less than 15 degrees is followed up. In cases 
with rapid progression of deformity or notable ipsilateral ankle valgus 
deformity further measures are required when the deformity exceeds 10 
degrees.
2. When clinical valgus exceeds 10–15 degrees (see above), standing knee 
radiographs are taken to ascertain the deformity. Growth charts and knee 
radiographs are reviewed in order to assess the growth and correction 
potential and skeletal age.
3. Extra-articular temporary epiphyseal arrest is achieved using staples. 
Two staples are inserted through small incisions over the medial femoral 
epiphysis. Th e positioning of the staples is confi rmed by perioperative 
fl uoroscopy.
4. Immediate postoperative mobilisation is encouraged using continuous 
passive motion (CPM) and physical therapy. Full weight-bearing is 
allowed.
5. Follow-up visits are arranged every three months with possible intra-
articular glucocorticoid injections when necessary. In cases with 
ipsilateral active synovitis the visits may be more frequent. Standing 
knee radiographs are taken when physiological knee angular alignment 
is clinically achieved. Staple removal is scheduled so as to gain slight 
overcorrection to take account of the rebound eff ect.
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7 Conclusions
Th e aim of the present study was to evaluate the use of temporary epiphyseal 
stapling in the management of bone growth disturbances in the growing 
knee region in children with JIA. Several conclusions can be drawn:
I. Th e total number of complications among altogether 245 temporary 
epiphyseal staplings was 13. Th ese included three premature loosenings, 
fi ve incorrect staple insertions, two deep infections, one peroneal nerve 
paresis, one broken staple and one premature epiphyseal plate closure. 
In addition to these major complications there were several severe over-
corrections of the deformity: 1 (1%) among operations for LLD and 23 
(13%) among those for KVD.
II. Temporary epiphyseal stapling for LLD is associated with a 10% minor 
complication rate, and the majority of these can be avoided using 
perioperative fl uoroscopy. In the management of severe LLD using 
both femoral and tibial staples the anatomy of the common peroneal 
nerve must be borne in mind. Stapling for valgus deformity carries a 3% 
complication rate, most of being avoidable using fl uoroscopy. Premature 
epiphyseal plate closure is a very rare but possible complication. All 
over-corrections can be avoided by regular follow-up. With correct 
indications, operative technique and prompt follow-up, temporary 
epiphyseal stapling is a safe method for correction of both LLD and 
KVD in children with JIA.
III. Limb length inequality was corrected with a median velocity of 1mm/ 
month. Th is, however, requires continuing longitudinal growth.
IV. KVD is corrected with a median angular modifi cation of 0.7 degrees/
month. Continuing longitudinal growth is also required. 
V. In the present study LLD was predominantly associated with children 
with the oligoarthritic subtype of JIA. Valgus deformity is more strongly 
associated with polyarthritic and systemic subtype.
VI. Staple removal provokes a small “rebound” growth disturbance aft er 
temporary epiphyseal stapling for both LLD and KVD. Th ereaft er the 
correction seems to persist unless continuing disease activity causes 
recurrence of the deformity.
8 Summary in Finnish 45
8 Summary in Finnish
Polvinivel on lastenreuman useimmin vaurioittama nivel. Eläinmalleissa 
on osoitettu kroonisen niveltulehduksen lisäävän reisiluun epifyysin 
verenkiertoa ja siten kiihdyttävän kasvulinjan toimintaa. Kroonisen 
tulehduksen hoitona kirjallisuudessa suositellaan 1–2 vuoden tehokasta 
paikallista ja systeemistä reumalääkitystä ennen seuraavaa vaihtoehtoa, 
nivelkalvon poistoa. Aktiivisesta hoidosta huolimatta lastenreumaan liittyy 
kuitenkin polven seudun kasvuhäiriöitä, erityisesti alaraajojen pituuseroa 
ja pihtipolvisuutta. Jos kasvuhäiriöihin puututaan vasta kasvun päätyttyä, 
tarvitaan luiden pidennys-, lyhennys- tai oikaisuleikkauksia, joihin 
liittyy runsas sairastavuus ja vaikeitakin komplikaatioita. Kasvun aikana 
tehtävät vähemmän kajoavat kasvulinjaa pysyvästi (epiphyseodeesi) tai 
tilapäisesti sinkilöillä tai ruuveilla salpaavat toimenpiteet sallivat välittömän 
mobilisaation ja ovat siksi suositeltavia. Pysyvän kasvulinjan salpauksen 
ongelma lastenreumassa on luustoiän ja kasvupotentiaalin määrittäminen. 
Lisäksi kasvuhäiriön suunta saattaa tautiaktiviteetin muutosten myötä 
kääntyä päälaelleen. Niinpä onkin luontevaa käyttää peruttavissa olevaa 
kasvulinjan tilapäistä salpausta lastenreumaan liittyvien kasvuhäiriöiden 
hoidossa. Väitöskirjatyössä selvitettiin retrospektiivisesti Reumasäätiön 
sairaalassa vuosina 1956–99 alaraajojen pituuseron tai pihtipolvisuuden 
vuoksi tehtyjen kasvulinjan tilapäisten salpausten tehoa, turvallisuutta ja 
pitkäaikaistuloksia.
Pituuseron vuoksi tehdyissä kasvulinjan tilapäisissä salpauksissa 
(n=68) harvoihin niveliin kohdistuva lastenreumatyyppi osoittautui 
yleisimmäksi diagnoosiksi. Pituuseron korjaus onnistui luotettavasti 
useimmissa tapauksissa ja salpauksella saavutettiin keskimäärin 1mm 
korjaus kuukaudessa, mutta tarvittava hoitoaika vaihteli runsaasti johtuen 
perussairauden ja lääkityksen kasvua hidastavasta vaikutuksesta ja lapsen 
ikävaiheesta. Kaikki pituuserokorjaukseen liittyvät komplikaatiot (10%) olivat 
vähäisiä ja suurin osa niistä olisi ollut vältettävissä hyvää läpivalaisutekniikkaa 
käyttäen. Pitkäaikaisseurannassa saavutettu pituuskorjaus pysyy hyvin, 
mutta taudin luonteesta johtuen uuden kasvuhäiriön mahdollisuus jatkuu 
koko kasvun ajan. 
Pihtipolvisuuden vuoksi tehdyissä kasvulinjan tilapäisissä salpauksissa 
(n=177) diagnoosina oli useimmiten yleisoireinen tai useisiin niveliin 
kohdistuva lastenreumatyyppi. Pihtipolvisuuden korjaus onnistui 
luotettavasti 2/3 tapauksista ja salpauksella saavutettiin keskimäärin 0,7 
asteen korjaus kuukaudessa. 1/8 salpauksista johti ylikorjaukseen, mikä 
johtui liian pitkästä seurantavälistä. Hoitoaika vaihteli tässäkin ryhmässä 
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runsaasti johtuen perussairauden ja lääkityksen kasvua hidastavasta 
vaikutuksesta. Pihtipolvisuuden korjaukseen liittyvät komplikaatiot (3%) 
olivat myös pääosin vähäisiä ja suurin osa niistä olisi ollut vältettävissä hyvää 
läpivalaisutekniikkaa käyttäen. Aineistossa tavattiin kuitenkin yksi kasvulinjan 
ennenaikainen sulkeutuminen, joka johti useiden lisäoperaatioiden 
kierteeseen. Pitkäaikaisseurannassa saavutettu kulmakorjauskin pysyy hyvin, 
mutta taudin luonteesta johtuen uuden kasvuhäiriön mahdollisuus jatkuu 
koko kasvun ajan. 
Väitöskirjan yhteenveto-osaan on laadittu vaiheittaiset ohjeet 
lastenreumapotilaiden alaraajojen pituuseron ja pihtipolvisuuden 
seuraamiseksi ja hoitamiseksi.
9 Acknowledgements 47
9 Acknowledgements
Th is study was carried out at the Departments of Surgery and Pediatrics in 
the Rheumatism Foundation Hospital, and was made possible only through 
the collaboration of the staff  of the children’s ward, library and registry. I am 
indebted to Hannele Kalske BLL, Director of the Rheumatism Foundation 
Hospital, and Professor (h.c.) Martti Nissilä MD PhD, and Docent Markku 
Hakala MD PhD, Chief Physician of the Rheumatism Foundation Hospital, 
for providing work facilities. 
Above all, the most important persons in the execution of this work have 
been my supervisors and friends Docent Eero Belt MD PhD and Docent 
Anneli Savolainen MD PhD. Th eir special sense of humour, patience and 
enthusiasm has carried me over the diffi  cult parts of the study. It was Docent 
Belt who introduced me to the mysterious world of orthopedics in juvenile 
idiopathic arthritis. I am deeply grateful for their support.
Docent Pekka Lahdenne MD PhD and Professor Willy Serlo MD PhD 
were the reviewers of this thesis, which has much profi ted from their 
profound knowledge in the fi elds of pediatric rheumatology and pediatric 
orthopedics.
Hannu Kautiainen BA has been a most perceptive advisor in statistics 
and graphics, and Robert MacGilleon MA has revised the English language 
of this thesis.
My parents Liisa and Eero have continuously supported and encouraged 
me.
Finally, my profoundest gratitude belongs to my wonderful wife Susanna 
for understanding and love during both good and bad times. Without your 
support this thesis would not have been possible.
Th is research work was fi nancially supported by the Finnish Cultural 
Foundation and Biomedicum Foundation.
Helsinki, September 2006
Eerik Skyttä
10 References48
10 References
Allen RC, Gross KR, Laxer RM, Malleson PN, Beauchamp RD, Petty RE (1986): 
Intraarticular triamcinolone hexacetonide in the management of chronic 
arthritis in children. Arthritis Rheum 29:997–1001.
Andersson-Gäre B, Fasth A (1992): Epidemiology of juvenile chronic arthritis in 
Southwestern Sweden: A 5-year prospective population study. Pediatrics 
90:950–958.
Ansell BM, Arden GP, McLennan I (1970): Valgus knee deformities in children with 
juvenile chronic polyarthritis treated by epiphyseal stapling. Arch Dis Child 
45:388–392.
Ansell BM, Wood PHN (1976): Prognosis in juvenile chronic polyarthritis. Clin 
Rheum Dis 2:397–412
Ansell BM (1977): Joint manifestation in children with juvenile chronic polyarthritis. 
Arthritis Rheum 20 (Suppl):204–206.
Arden GP (1985): Surgical treatment of juvenile rheumatoid arthritis. Ann Chir 
Gynaecol 198 (Suppl):103–109.
Bakke M, Zak M, Jensen BL, Pedersen FK, Kreiborg S (2001): Orofacial pain, jaw 
function, and temporomandibular disorders in women with a history of juvenile 
chronic arthritis or persistent juvenile chronic arthritis. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 92:406–414.
Balogh Z, Ruzsonyi E (1988): Triamcinolone hexacetonide versus betamethasone. A 
double-blind comparative study of long-term eff ects of intra-articular steroids in 
patients with juvenile chronic arthritis. Scand J Rheumatol 67 (Suppl):80–82.
Bell DF, Boyer MI, Armstrong PF (1992): Th e use of the Ilizarov technique in the 
correction of limb deformities associated with skeletal dysplasia. J Pediatr 
Orthop 12:283–290.
Bernstein BH, Stobie D, Singsen BH, Koster-King K, Kornreich HK, Hanson V (1977): 
Growth retardation in juvenile rheumatoid arthritis (JRA). Arthritis Rheum 20 
(Suppl):212–216.
Berntson L, Andersson-Gäre B, Fasth A, Herlin T, Kristinsson J, Lahdenne P, Marhaug 
G, Nielsen S, Pelkonen P, Rygg M, Nordic Study Group (2003): Incidence 
of juvenile idiopathic arthritis in the Nordic countries. A population based 
study with special reference to the validity of the ILAR and EULAR criteria. J 
Rheumatol 30:2275–2282.
Bisgard JD, Bisgard ME (1935): Longitudinal growth of long bones. Arch Surg 
31:568–578.
Blount WP, Clarke GR (1949): Control of bone growth by epiphyseal stapling. A 
preliminary report. J Bone Joint Surg 31-A:464–478.
Blount WP, Zeier F (1952): Control of bone length. JAMA 148:451–457.
10 References 49
Bowen JR, Leahey JL, Zhang Z, MacEwen GD (1985): Partial epiphyseodesis at the 
knee to correct angular deformity. Clin Orthop Relat Res 198:184–190.
Brattström M (1963): Asymmetry of ossifi cation and rate of growth of long bones in 
children with unilateral juvenile gonarthritis. Acta Rheum Scand 9:102–115.
Brewer EJ Jr, Bass J, Baum J, Cassidy JT, Fink C, Jacobs J, Hanson V, Levinson JE, 
Schaller J, Stillman JS (1977): Current proposed revision of JRA criteria. 
Arthritis Rheum 20 (Suppl):195–199.
Brodin H (1955): Longitudinal bone growth. Th e nutrition of the epiphyseal cartilages 
and the local blood supply. Acta Orthop Scand 20 (Suppl):1–92. 
Bünger C, Harving S, Hjermind J, Bünger EH (1983): Relationship between 
intraosseous pressures and intra-articular pressure in arthritis of the knee. Acta 
Orthop Scand 54:188–193.
Bünger C, Hjermind J, Bach P, Bünger EH, Myhre-Jensen O (1984): Haemodynamics in 
acute arthritis of the knee in puppies. Acta Orthop Scand 55:197–202.
Bylander B, Hansson LI, Selvik G (1983): Pattern of growth retardation aft er Blount 
stapling: A roentgen stereophotogrammetric analysis. J Pediatr Orthop 3:63–72.
Canale ST (2003): Fractures and Dislocations in Children. In: Campbell’s Operative 
Orthopaedics, pp. 1391–1565. Ed. Canale ST. Mosby, Philadelphia.
Canale ST, Russell TA, Holcomb RL (1986): Percutaneous epiphysiodesis: experimental 
study and preliminary clinical results. J Pediatr Orthop 6:150–156.
Cassidy JT, Levinson JE, Bass JC, Baum J, Brewer EJ Jr, Fink CW, Hanson V, Jacobs 
JC, Masi AT, Schaller JC, Fries JF, McShane D, Young D (1986): A study of 
classifi cation criteria for a diagnosis of juvenile rheumatoid arthritis. Arthritis 
Rheum 29:274–281.
Cassidy JT, Martel WO (1977): Juvenile rheumatoid arthritis: Clinicoradiologic 
correlations. Arthritis Rheum 20 (Suppl 2):207–211.
Cornil V (1864): Mémoire sur des coincidences pathologiques du rhumatisme 
articulaire chronique. Mém Soc Biol 3–25.
Dal Monte A, Donzelli O (1987): Tibial lengthening according to Ilizarov in congenital 
hypoplasia of the leg. J Pediatr Orthop 7:135–138.
De Bastiani G, Aldegheri R, Renzi-Brivio L, Trivella G (1987): Limb lengthening by 
callus distraction (callotasis). J Pediatr Orthop 7:129–134.
De Bendetti F, Ravelli A, Martini A (1997): Cytokines in juvenile rheumatoid arthritis.
Curr Opin Rheumatol 9:428–433.
Diamont-Berger MS (1891): Du rhumatisme noueux (polyarthrite déformante) chez 
l’enfants. Th ése pour le doctorat en médicine. Lecrosnier et Babe Livraires 
Editeurs.
Earley A, Cuttica RJ, McCullough C, Ansell BM (1988): Triamcinolone into the knee 
joint in juvenile chronic arthritis. Clin Exp Rheumatol 6:153–155.
Eastwood DM, Cole WG (1995): A graphic method for timing the correction of leg-
length discrepancy. J Bone Joint Surg 77-B:743–747.
Eberhard BA, Sison MC, Gottlieb BS, Ilowite NT (2004): Comparison of the intraarticular 
eff ectiveness of triamcinolone hexacetonide and triamcinolone acetonide in 
treatment of juvenile rheumatoid arthritis. J Rheumatol 31:2507–2512.
10 References50
Erlebacher A, Filvaroff  EH, Gitelman SE, Derynck R (1995): Toward a molecular 
understanding of skeletal development. Cell 80:371–378.
Eyre-Brook AL (1951): Bone-shortening for inequality of leg lengths. Br Med J 
1:222–224.
Eyring EJ, Longert A, Bass JC (1971): Synovectomy in Juvenile Rheumatoid Arthritis: 
Indications and short-term results. J Bone Joint Surg 53-A:638–651.
Fassbender HG (1983): Histomorphological basis of articular cartilage destruction in 
rheumatoid arthritis. Coll Relat Res 3:141–155.
Fink CW (1995): Proposal for the development of classifi cation criteria for idiopathic 
arthritides of childhood. J Rheumatol 22:1566–1569.
Fink CW, Baum J, Paradies LH, Carrell BC (1969): Synovectomy in juvenile rheumatoid 
arthritis. Ann Rheum Dis 28:612–616.
Fraser RK, Dickens DRV, Cole WG (1995): Medial physeal stapling for primary and 
secondary genu valgum in late childhood and adolescence. J Bone Joint Surg 
77-B:733–735.
Friberg O (1983): Clinical symptoms and biomechanics of lumbar spine and hip joint 
in leg length inequality. Spine 8:643–651.
Gabriel KR, Crawford AH, Roy DR, True MS, Sauntry S (1994): Percutaneous 
epiphyseodesis. J Pediatr Orthop 14:358–62.
Giles LG, Taylor JR (1981): Low-back pain associated with leg length inequality. Spine 
6:510–512.
Gladbach B, Pfeil J, Heijens E (2000): Die perkutane Epiphyseodese. Behandlung von 
Beinlängendiff erenzen und Achsfehlstellungen in der Frontalbein. Orthopäde 
29:2–8.
Goft on JP (1985): Persistent low back pain and leg length disparity. J Rheumatol 
12:747–750.
Goft on JP, Trueman GE (1971): Studies in osteoarthritis of the hip. II. Osteoarthritis of 
the hip and leg-length disparity. Can Med Assoc J 104:791–799.
Green WT, Wyatt GM, Anderson M (1946): Orthoroentgenography as a method of 
measuring the bones of the lower extremities. J Bone Joint Surg 28:60–65.
Green WT, Anderson M (1947): Experiences with epiphyseal arrest in correcting 
discrepancies in length of the lower extremities in infantile paralysis. J Bone 
Joint Surg 29:659–675.
Green WT, Anderson M (1957): Epiphyseal arrest for the correction of discrepancies in 
length of lower extremities. J Bone Joint Surg 39-A:853–872.
Greulich WW, Pyle SI (1959): Radiographic atlas of skeletal development of the hand 
and wrist. Stanford, California. Stanford University Press.
Haas SL (1945): Retardation of bone growth by a wire loop. J Bone Joint Surg 27:25–36.
Hamilton JA (1983): Hypothesis: In vitro evidence for the invasive and tumor-like 
properties of the rheumatoid pannus. J Rheumatol 10:845–851.
Hansson LI (1964): Determination of endochondral bone growth in rabbit by means of 
oxytetracycline. Håkan Ohlssons boktryckeri, Lund.
Hashkes PJ, Laxer RM (2005): Medical treatment of juvenile idiopathic arthritis. JAMA 
294:1671–1684.
10 References 51
Hastings DE, Orsini E, Myers P, Sullivan J (1994): An unusual pattern of growth 
disturbance of the hip in juvenile rheumatoid arthritis. J Rheumatol 21:744–747.
Hiertonn T (1957): Arteriovenous anastomoses and acceleration of bone growth. Acta 
Orthop Scand 26: 322 
Hjort-Guldhammer E (1963): Vaekststimulation eft er underextremitetsfraktur hos 
børn. En klinisk undersøgelse. Dissertation, Copenhagen.
Honkanen VEA, Rautonen JK, Pelkonen PM (1993): Intra-articular glococorticoids in 
early juvenile chronic arthritis. Acta Paediatr 82:1072–1074.
Howorth B (1971): Knock knees with special reference to the stapling operation. Clin 
Orthop Relat Res 77:233–246.
Hunziker EB, Schnek RK (1989): Physiological mechanisms adopted by chondrocytes 
in regulating longidutional bone growth. J Physiol 44:55–71.
Huppertz H, Tschammler A, Horwitz AE, Schwab KO (1995): Intraarticular 
corticosteroids for chronic arthritis in children: Effi  cacy and eff ects on cartilage 
and growth. J Pediatr 127:317–321.
Häfner R, Trückenbrodt H (1985): Die Synoviorthese mit Varicocid® in der Behandlung 
der juvenilen chronischen Arthritis. Akt Rheumatol 10:202–205.
Ilizarov GA (1971): Basic principles of transosseous compression and distraction 
osteosynthesis. Ortop Travmatol Protez 11:7–15
Ilizarov GA, Devyatov AA (1969): Operative elongation of the leg with simultaneous 
correction of the deformities. Orthop Travmatol Protez 30:32–27.
Jacobsen ST, Levinson JE, Crawford AH (1985): Late results of synovectomy in juvenile 
rheumatoid arthritis. J Bone Joint Surg 67-A:8–15.
Jahangier ZN, Moolenburgh JD, Jacobs JWG, Serdijn H, Bijlsma JWJ (2001): Th e eff ect 
of radiation synovectomy in patients with persistent arthritis: A prospective 
study. Clin Exp Rheumatol 19:417–424.
Jacqueline F, Boujot A, Canet L (1961): Involvement of the hips in juvenile rheumatoid 
arthritis. Arthritis Rheum 4:500–513.
Jani L, Waigand D (1971): Synovectomy of the knee joint in juvenile rheumatoid 
arthritis. Reconstr Surg Traumatol 12:35–45.
Kaipiainen-Seppänen O, Savolainen A (1996): Incidence of chronic juvenile rheumatic 
diseases in Finland during 1980–1990. Clin Exp Rheumatol 14:441–444.
Kaipiainen-Seppänen O, Savolainen A (2001): Changes in the incidence of juvenile 
rheumatoid arthritis in Finland. Rheumatology 40:928–932.
Kamegaya M, Shinohara Y, Shinada Y (1996): Limb lengthening and correction of 
angular deformity: Immediate correction by using a unilateral fi xator. J Pediatr 
Orthop 16:477–479.
Kampner SL, Ferguson AB (1972): Effi  cacy of synovectomy in juvenile rheumatoid 
arthritis. Clin Orthop Relat Res 88:94–109.
Karhulahti T, Rönning O, Jämsä T (1990): Mandibular condyle lesions, jaw movements, 
and occlusal status in 15-year-old children with juvenile rheumatoid arthritis. 
Scand J Dent Res 98:17–26.
10 References52
Kotaniemi A, Savolainen A, Kautiainen H, Kröger H (1993): Estimation of central 
osteopenia in children with chronic polyarthritis treated with glucocorticoids. 
Pediatrics 91:1127–1130.
Krabbe S, Christiansen C, Rødbro P, Transbøl I (1980): Pubertal growth as refl ected by 
simultaneous changes in bone mineral content and serum alkaline phosphatase. 
Act Paed Scand 69:49–52.
Kronenberg HM (2003): Developmental regulation of the growth plate. Nature 
423:332–336.
Kujala UM, Friberg O, Aalto T, Kvist M, Österman K (1987): Lower limb asymmetry 
and patellofemoral joint incongruence in the etiology of knee exertion injuries in 
athletes. Int J Sports Med 8:214–220.
Kunnamo I, Kallio P, Pelkonen P (1986): Incidence of arthritis in urban Finnish 
children. A prospective study. Arthritis Rheum 29:1232–1238.
Kvien TK, Pahle JA, Høyeraal HM, Sandstad B (1987): Comparison of synovectomy 
and no synovectomy in patients with juvenile rheumatoid arthritis. Scand J 
Rheumatology 16:81–91.
Kästner P, Wessel G (1977): Chemical synovectomy with Varicocid in rheumatoid 
arthritis – further results. Scand J Rheumatol 6:28–32.
Laaksonen AL (1966): A prognostic study of juvenile rheumatoid arthritis. Analysis of 
544 cases. Acta Paediatr Scand 55 (Suppl 166): 1–163.
Laine H, Mikkelsen OA (1968): Epiphyseal stapling in juvenile rheumatoid arthritis. 
Acta Rheum Scand 14:317–322.
Langenskiöld A (1957). Acta Orthop Scand 26:308–316. 
Lantto R, von Wendt L (1985): Juvenile rheumatoid arthritis in Northern Finland. 
II International Symposium on Infl ammatory Connective Tissue Diseases in 
Childhood and Adolescence. Prague, September 25–26,1985 (abstract).
Levinson JE, Wallace CA (1992): Dismantling the pyramid. J Rheumatol 19 (Suppl 
33):6–10.
Liem JJ, Rosenberg AM (2003): Growth patterns in juvenile rheumatoid arthritis. Clin 
Exp Rheumatol 21:663–668.
Lucht U, Djurhuus JC, Sørensen SS, Bünger C, Sneppen O (1981): Th e relationship 
between increasing intraarticular pressures and intraosseous pressures in the 
juxta-articular bones. Acta Orthop Scand 52:491–495.
Lybäck CO, Belt EA, Savolainen HA, Lehtinen JT, Lybäck CC, Lehto MU (2004): 
Previous synovectomy or epiphyseal stapling and the infl uence on knee 
replacement in juvenile chronic arthritis. Int Orthop 28:134–137.
MacRae VE, Farquharson C, Ahmed SF (2006): Th e pathophysiology of the growth 
plate in juvenile idiopathic arthritis. Rheumatology 45:11–19.
Martio J, Isomäki H, Heikkola T, Laine V (1972): Th e eff ect of intra-articular osmic 
acid in juvenile rheumatoid arthritis. Scand J Rheumatol 1:5–8.
McMaster M (1972): Synovectomy of the knee in juvenile rheumatoid arthritis. J Bone 
Joint Surg 54-B:263–271.
10 References 53
Mericle PM, Wilson VK, Moore TL, Hanna VE, Osborn TG, Rotskoff  KS, Johnston LE 
Jr. (1996): Eff ects of polyarticular and pauciarticular onset juvenile rheumatoid 
arthritis on facial and mandibular growth. J Rheumatology 23:159–65.
Mielke CH, Stevens PM (1996): Hemiepiphyseal stapling for knee deformities 
in children younger than 10 years: a preliminary report. J Pediatr Orthop 
16:423–429.
Minden K, Kiessling U, Listing J, Niewerth M, Döring E, Meincke J, Schöntube M, 
Zink A (2000): Prognosis of patients with juvenile chronic arthritis and juvenile 
spondyloarthropathy. J Rheumatol 27:2256–2263.
Moseley CF (1977): A straight line graph for leg length discrepancies. J Bone Joint Surg 
59-A:174–179.
Murray KJ, Grom AA, Th ompson SD, Lieuwen D, Passo MH, Glass DN (1998): 
Contrasting cytokine profi les in the synovium of diff erent forms of juvenile 
rheumatoid arthritis and juvenile spondyloarthropathy: prominence of 
interleukin 4 in restricted disease. J Rheumatol 25:1388–1398.
Murray KJ, Luyrink L, Grom AA, Passo MH, Emery H, Witte D, Glass DN (1996): 
Immunohistological characteristics of T cell infi ltrates in diff erent forms of 
childhood onset chronic arthritis. J Rheumatol 23:2116–2124.
Naudie D, Hamdy RC, Fassier F, Duhaime M (1998): Complications of limb-
lengthening in children who have an underlying bone disorder. J Bone Joint Surg 
80-A:18–24.
Niculescu D, Tomescu E, Ionescu C, Cotutiu C, Hrisanidi St, Negoescu M, Cindea 
G, Stoia I (1976): Ultrastructural changes in cartilage aft er intra-articular 
administration of osmium tetroxide and the sodium salts of fi sh oil fatty acids ( 
Varicocid ). Scand J Rheumatol 5:133–140. 
Nissilä M, Isomäki H, Koota K, Larsen A and Raunio K (1977a): Osmic acid in 
rheumatoid synovitis: A controlled study. Scand J Rheumatol 6:111–112.
Nissilä M, Isomäki H, Koota K, Larsen A and Raunio K (1977b): Osmic acid in 
rheumatoid synovitis: A controlled study. Scand J Rheumatol 6:158–160.
Nissilä M, Anttila P, Hämäläinen M, Jalava S (1978): Comparison of chemical, radiation 
and surgical synovectomy for knee joint synovitis. Scand J Rheumatol 7:225–228.
Oen K, Malleson PN, Cabral DA, Rosenberg AM, Petty RE, Nickerson P, Reed M 
(2005): Cytokine genotypes correlate with pain and radiologically defi ned 
joint damage in patients with juvenile rheumatoid arthritis. Rheumatology 
44:1115–1121.
Ogilvie-Harris DJ, Weisleder L (1995): Arthroscopic synovectomy of the knee: Is it 
helpful? Arthroscopy 11:91–95.
Padeh S, Passwell JH (1998): Intraarticular corticosteroid injection in the management 
of children with chronic arthritis. Arthritis Rheum 41:1210–1214.
Paus AC, Dale K (1993): Arthroscopic and radiographic examination of patients with 
juvenile rheumatoid arthritis before and aft er open synovectomy of the knee 
joint. Ann Chir Gynaecol 82:55–61.
10 References54
Petty RE, Southwood TR, Baum J, Bhettay E, Glass DN, Manners P, Maldonado-Cocco 
J, Suarez-Almazor M, Orozco-Alcala J, Prieur A (1998): Revision of the proposed 
classifi cation criteria for juvenile idiopathic arthritis: Durban, 1997. J Rheumatol 
25:1991–1994.
Petty RE (1998): Classifi cation of childhood arthritis: a work in progress. Baillieres Clin 
Rheum 12:181–90.
Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Goldenberg J, He X, 
Maldonado-Cocco J, Orozco-Alcala J, Prieur AM, Suarez-Almazor M, Woo P 
(2004): International League of Associations for Rheumatology classifi cation 
of juvenile idiopathic arthritis: second revision, Edmonton, 2001. J Rheumatol 
31:390–392.
Phemister DB (1933): Operative arrestment of longitudinal growth of bones in the 
treatment of deformities. J Bone Joint Surg 15:1–15.
Poznanski AK, Hernandez RJ, Guire KE, Bereza UL, Garn SM (1978): Carpal length 
in children - a useful measurement in the diagnosis of rheumatoid arthritis and 
some congenital malformation syndromes. Radiology 129:661–668.
Price CT, Bright RW, Lang L (1996): Limb lengthening aft er immediate correction of 
deformity using the Orthofi x unilateral fi xator (abstract). 1990 Annual Meeting, 
Pediatric Orthopaedic Society of North America, 1990:63.
Prieur A-M, Listrat V, Dougados M, Amor B (1990): Evaluation of the ESSG and the 
Amor criteria for juvenile spondylarthropathies (JSA). Study of 310 consecutive 
children referred to one pediatric rheumatology center. Arthritis Rheum 35:D19.
Raab P, Wild A, Seller K, Krauspe R (2001): Correction of leg length discrepancies 
and angular deformities of the leg by Blount’s epiphyseal stapling. Eur J Pediatr 
160:668–674.
Ravelli A, Manzoni SM, Viola S, Pistorio A, Ruperto N and Martini A (2001): Factors 
aff ecting the effi  cacy of intraarticular corticosteroid injection of knees in juvenile 
idiopathic arthritis. J Rheumatol 28:2100–2102.
Reddi AH (1997): Bone morphogenesis and modeling: Soluble signals sculpt 
osteosomes in the solid state. Cell 89:159–161.
Rusconi R, Corona F, Grassi A, Carnelli V (2003): Age at menarche in juvenile 
rheumatoid arthritis. J Pediatr Endochrinol 16 (Suppl):285–288.
Rydholm U, Elborgh R, Ranstam J, Schröder A, Svantesson H, Lidgren L (1986): 
Synovectomy of the knee in juvenile chronic arthritis. A retrospective, 
consecutive follow-up study. J Bone Joint Surg 68-B:223–228.
Rydholm U, Brattström H, Bylander B, Lidgren L (1987): Stapling of the knee in 
juvenile chronic arthritis. J Pediatr Orthop 7:63–68.
Roles NC (1978): Synovectomy of the knee in juvenile chronic arthritis. J Bone Joint 
Surg 60-B:138–139
Salenius P, Vankka E (1975): Th e development of the tibiofemoral angle in children. J 
Bone Joint Surg 57-A:259–261.
Savolainen A (1998): Treatment with cytotoxic agents in severe juvenile chronic 
arthritis. Th esis. Acta Universitatis Tamperensis 642.
10 References 55
Scapinelli R (1968): Studies on the vasculature of the human knee. Acta Anat 
70:305–331.
Schaller JG (1984): Chronic arthritis in children. Juvenile rheumatoid arthritis. Clin 
Orthop Relat Res 182:79–89.
Schaller J, Wedgwood RJ (1972): Juvenile rheumatoid arthritis: a review. Pediatrics 
50:940–952.
Schlenzka D, Poussa M, Osterman K (1990): Metaphyseal distraction for lower limb 
lengthening and correction of axial deformities. J Pediatr Orthop 10:202–205.
Schmid F, Künle A (1946): Das Längenwachstum der langen Röhrenknochen in bezug 
auf Körperlänge und Lebensalter. Fortschr Röntgenstr 89:350–356.
Simon S, Whiff en J, Shapiro F (1981): Leg-Length Discrepancies in Monoarticular and 
Pauciarticular Juvenile Rheumatoid Arthritis. J Bone Joint Surg 63-A:209–215.
Song KM, Halliday SE, Little DG (1997): Th e eff ect of limb-length discrepancy on gait. 
J Bone Joint Surg 79-A:1690–1698.
Southwood TR, Petty RE, Malleson PN, Delgado EA, Hunt DW, Wood B, Schroeder 
ML (1989): Psoriatic arthritis in children. Arthritis Rheum 32:1007–1013.
Still GF (1897): On a form of chronic joint disease in children. R Med Chir Soc 
80:47–59. Reprint in Clin Orthop (1990) 259:4–10.
Strunk J, Heinemann E, Neeck G, Schmidt KL, Lange U (2004): A new approach to 
studying angiogenesis in rheumatoid arthritis by means of power Doppler 
ultrasonography and measurement of serum vascular endothelial growth factor. 
Rheumatology 43:1480–1483.
Sundberg J, Brattström M (1965): Juvenile rheumatoid gonarthritis II. Disturbance of 
ossifi cation and growth. Acta Rheum Scand 11:279–290.
Sundt H (1931): Tuberculosis of the knee. J Bone Joint Surg 13:740–758.
Svantesson H, Marhaug G, Haeff ner F (1981): Scoliosis in children with juvenile 
rheumatoid arthritis. Scand J Rheumatol 10:65–68.
Th ompson SD, Grom AA, Bailey S, Luyrink L, Giannini EH, Murray K, Passo MH, 
Lovell DJ, Choi E, Glass DN (1995): Patterns of T lymphocyte clonal expansion 
in HLA-typed patients with juvenile rheumatoid arthritis. J Rheumatol 
22:1356–1364.
Towner SR, Michet CJ Jr, O’Fallon WM, Nelson AM (1983): Th e epidemiology 
of juvenile arthritis in Rochester, Minnesota 1960–1979. Arthritis Rheum 
26:1208–1213.
Truckenbrodt H, Hafner R (1990): Psoriatic arthritis in childhood. A comparison with 
subgroups of chronic juvenile arthritis. Z Rheumatol 49:88–94.
Trueta J, Little K (1960): Th e vascular contribution to osteogenesis. II. Studies with the 
electron microscope. J Bone Joint Surg 42-B:367–376.
Trueta J, Morgan JD (1960): Th e vascular contribution to osteogenesis. I. Studies by the 
injection method. J Bone Joint Surg 42-B:97–109.
Tupman GS (1960): Treatment of inequality of the lower limbs. J Bone Joint Surg 
42-B:489–501.
10 References56
Velazquez RJ, Bell DF, Armstrong PF, Babyn P, Tibshirani R (1993): Complications of 
use of the Ilizarov technique in the correction of limb deformities. J Bone Joint 
Surg 75-A:1148–1156.
Vostrejs M, Hollister JR (1988): Muscle atrophy and leg length discrepancies in 
pauciarticular juvenile rheumatoid arthritis. Am J Dis Child 142:343–345.
Wallace CA, Levinson JE (1991): Juvenile rheumatoid arthritis: Outcome and treatment 
for the 1990s. Clin Rheum Dis North Am 17:891–905.
Wang SJ, Yang YH, Lin YT, Yang CM, Chiang BL (2002): Attained adult height in 
juvenile rheumatoid arthritis with or without corticosteroid treatment. Clin 
Rheumatol 21:363–368.
White JW, Stubbins SG (1944): Growth arrest for equalizing leg lengths. JAMA 
126:1146–1149.
Wood PHN (1978): Nomenclature and classifi cation of arthritis in children. In: Munthe 
E (ed): Th e care of rheumatic children. EULAR Monograph series No. 3. EULAR 
Publishers, Basle: 47–50.
Wynne-Roberts CR, Anderson CH, Turano AM, Baron M (1978): Light- and 
electronmicroscopic fi ndings of juvenile rheumatoid arthritis synovium: 
Comparison with normal juvenile synovium. Semin Arthritis Rheum 7:287–302.
Zerin JM, Rockwell DT, Garn SM, Schlesinger AE, Sullivan DB (1991): Carpo-
metacarpal growth disturbance and the assessment of carpal narrowing in 
children with juvenile rheumatoid arthritis. Invest Radiol 26:727–733.
Zuege RC, Kempken TG, Blount WP (1979): Epiphyseal stapling for angular deformity 
at the knee. J Bone Joint Surg 61-A:320–329.
Østergaard M, Stoltenberg M, Gideon P, Wieslander S, Sonne-Holm S, Kryger P, Sonne 
M (1995): Eff ect of intraarticular osmic acid on synovial membrane volume and 
infl ammation, determined by magnetic resonance imaging. Scand J Rheumatol 
24:5–12.
